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ORGANIZATIONAL  PREFACE 


This  document  Is  a  technical  appendix  to  the  Puget  Sound 
Dredged  Disposal  Analysis  (PSDDA)  Management  Plan  Report  and 
Final  Environmental  Iepact  Statement  for  the  Phase  1  study  area 
(central  Puget  Sound).  The  appendix  was  prepared  by  the  Disposal 
Site  Work  Group  ( DSWG ) ,  asalgned  the  responsibility  for 
identifying  potential  unconfined,  open-water  dredged  aaterlal 
disposal  sites. 

Part  1  of  the  Disposal  Site  Selection  Technical  Appendix 
contains  Introductory  and  conceptual  Information  for  the 
remaining  parts  of  the  document.  Part  II  contains  the  detailed 
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EXECUTIVE  SUMMARY 


This  document  is  a  technical  appendix  to  both  the  Manageaent 
Plan  Report  (MPR)  and  the  Final  Environmental  Impact  Statement 
(EIS)  for  the  Puget  Sound  Dredged  Disposal  Analysis  (PSDDA) 
study.  The  technical  appendix  was  produced  by  the  Disposal  Site 
Work  Group  (DSWG) ,  which  included  the  U.S.  Army  Corps  of 
Engineers  as  lead  agency,  supported  by  the  U.S.  Environmental 
Protection  Agency  (EPA),  and  the  Washington  Departments  of 
Ecology  and  Natural  Resources. 

The  technical  appendix  summarises  results  for  the  Phase  I 
area  of  PSDDA,  which  includes  the  central  portion  of  Puget  Sound 
from  Everett  to  Tacoma.  DSWG' s  task  for  Phase  I  was  to  identify 
suitable  unconfined  open -water  disposal  sites.  This  technical 
appendix  summarizes  the  process  by  which  DSWG  carried  out  its 
task. 


Preferred  unconflned,  open-water  disposal  sites  have  been 
identified  in  the  Everett,  Seattle,  and  Tacoma  urban  embayments 
of  Port  Gardner,  Elliott  Hay,  and  Commencement  Bay,  respectively. 
The  sites,  while  varying  in  size  primarily  due  to  bathymetry, 
average  about  350  acres  in  potential  bottom  impact  area.  Each 
site  includes  a  900-foot  radius,  38-acre  surface  disposal  zone 
within  which  all  dredged  material  must  be  released. 

The  preferred  disposal  sites  are  all  located  to  avoid  areas 
with  important  biological  resources  and  human  use  activities. 

The  center  of  the  Port  Gardner  preferred  disposal  zone  is  located 
about  2— 1/4  miles  southeast  of  Gedney  Island  in  approximately  420 
feet  of  water.  In  Elliott  Bay,  the  center  of  the  preferred 
disposal  zone  is  located  about  3/4  of  a  mile  north  of  Harbor 
Island  in  water  263  feet  deep.  The  center  of  the  Commencement 
Bay  preferred  disposal  zone  is  located  approximately  1  mile  west 
of  Browns  Point  in  water  about  330  feet  deep. 

The  site  selection  process  used  by  PSDDA  utilized  existing 
information  in  combination  with  field  studies  to  identify 
preferred  and  alternative  disposal  sites.  Steps  of  the  site 
selection  process  were  a*s  follows: 

(1)  Define  general  siting  philosophy.  This  step  addresses 
disposal  philosophy  (l.e.,  dispersive  versus  nondlspersive) , 
general  siting  locations  (i.e.,  ocean,  strait,  or  sound),  and 
number  of  disposal  sites. 

(2)  Identify  selection  factors  to  delineate  Zones  of 
Siting  Feasibility  (ZSFs).  This  step  uses  exislng  information  on 
biological  resources  and  human  use  activities  to  identify  general 
areas  where  disposal  sites  might  be  appropriately  located. 
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(3)  Conduct  field  studies  on  the  ZSFs.  Field  end  model 
studies  are  conducted  to  fill  key  data  gaps  and  gather 
Information  on  the  physical  and  biological  conditions  of  the 
ZSFs .  Since  these  studies  were  conducted  to  check  the  general 
condition  of  the  ZSFs,  they  are  referred  to  as  "checking 
studies . " 

(4)  Identify  preliminary  sites  within  each  ZSF. 

Information  from  the  ZSF  studies  is  used  to  identify  preliminary 
locations  for  disposal  sites  within  the  ZSFs. 

(5)  Conduct  field  studies  on  the  sites.  Field  and  model 
studies  are  conducted  to  obtain  needed  physical  and  biological 
information  for  the  preliminary  sites.  These  studies  are 
referred  to  as  "site-specific  studies." 

(6)  Identify  preferred  sites.  Information  from  the  site- 
specific  studies  is  used  to  identify  preferred  and  alternative 
sites. 

Existing  EMI  disposal  sites  were  considered  in  the  disposal 
site  selection  process  if  they  met  certain  site  selection 
factors.  All  cooperating  agencies  in  PSDDA  agreed  early  on  that 
no  special  a  priori  consideration  would  be  given  to  the  existing 
sites  because  of  human  use  conflicts  sad  environmental  concerns 
with  past  dredging  and  disposal  protocols.  An  objective  site 
selection  process  was  used  to  minimize  environmental  and  human 
usage  conflicts  as  much  as  possible,  end  existing  sites 
adequately  meeting  the  site  selection  factors  and  constraints 
were  given  equal  consideration  with  other  potential  sites. 

The  key  steps  in  the  site  selection  process  were  as  follows. 
First,  Zones  of  Siting  Feasibility  (ZSFs)  were  found  by 
overlaying  many  maps  of  human  and  biological  resources.  A 
numerical  dredged  material  disposal  model  was  also  used  to 
determine  the  size  of  the  disposal  sites  in  various  water  depths 
and  water  speeds.  The  map  overlays  and  model  results  resulted  in 
ZSFk  large  enough  to  embrace  potential  disposal  sites  in  the 
vicinity  of  major  dredging  activity  near  Everett,  Seattle,  and 
Tacoma. 

Second,  more  detailed  naps  were  constructed  of  the  ZSFs 
describing  three  basic  characteristics:  1)  current  strength;  2) 
sediment  character;  and  3)  biological  resources.  From  naps  of 
current  strength  end  results  from  earlier  dredging  activities  it 
was  determined  that  dredge  materials  would  be  resuspended  at 
current  speeds  faster  then  half  a  knot.  Because  a  non-dlspersive 
philosophy  wns  adopted,  arses  were  sought  where  dredged  material 
would  not  be  significantly  transported  or  where  current  speeds 
were  less  than  half  a  knot.  These  areas  also  coincided  with 
characteristics  indicating  that  these  areas  were  de positional , 
i.e.,  where  sediments  tended  to  naturally  accumulate. 

Fortunately  these  low-current,  depositlonal  areas  also  contained 
relatively  low  populations  of  crab,  shrimp,  and  bottomflsh  when 
compared  to  commercial  and  recreational  areas  of  Puget  Sound. 
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The  proposed  disposal  sites  were  placed  In  these  low  current 
(peak  1  percent  current  velocities  less  than  25  cm/s), 
deposltional,  and  minimally  populated  areas  within  the  ZSFs. 
Although  the  inner  Elliott  Bay  site  had  some  shrimp  densities 
that  were  high  coapared  to  other  ZSFs,  when  compared  to 
commercial  areas  It  Is  a  relatively  low  shrimp  area.  A 
commercial  fishery  for  shrimp  would  also  be  unable  to  operate 
because  of  the  high  commercial  shipping  activity.  The  capacity 
of  the  preferred  disposal  sites  is  estimated  to  be  several  times 
the  volume  of  dredged  material  disposal  projected  through  the 
year  2000. 
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PART  I 


introduction 


1.  STUDY  GOALS,  DESCRIPTION,  AND  ORGANIZATION 


This  technical  appendix  addresses  eh*  Identification  of 
dlapoaal  sltea  for  inconflned,  open-water  dlapoaal  of  dredged 
aaterlal  In  central  Puget  Sound  (Fig.  I. 1-1)  aa  specified 
pursuant  to  the  Clean  Mater  Act  and  related  authorities.  The 
site  selection  process  for  the  Phase  I  area  (central  Puget  Sound) 
of  the  Puget  Sound  Dredged  Disposal  Analysis  (PSDDA)  la 
presented.  A  review  and  synthesis  of  studies  conducted. 
Information  gathered,  and  analysis  performed  during  the  disposal 
site  selection  process  are  provided. 

Since  the  1970's  relatively  high  concentrations  of  chemical 
contaminants  have  been  found  In  some  sediments  of  a  number  of 
bays  in  Puget  Sound.  These  contaminants  have  also  been 
Identified  In  fish,  shellfish,  and  other  organisms.  While 
research  is  continuing  about  the  ways  in  which  exposure  to 
contaminated  sediments  affects  marine  life  or  human  health, 
recent  field  studies  have  noted  some  adverse  biological  effects 
In  areas  of  high  sediment  contamination. 

Dredging  Is  necessary  to  keep  shipping  channels  and  harbors 
open,  to  construct  new  porta,  and  sometimes  to  clean  up 
contaminated  aaterlal.  Consequently,  dredging  In  Puget  Sound  Is 
an  ongoing  necessity  and  has  been  commonplace  for  many  years. 

Five  basic  disposal  options  are  available.  These  Include 
unconflned  open-water,  unc on fined  nearshore/upland,  confined 
aquatic  disposal,  confined  nearshore,  and  confined  upland  areas. 
The  three  confined  options  result  from  the  need  to  address 
sediment  contamination  levels  that  are  unacceptable  for 
unconflned  or  conventional  disposal.  See  the  Evaluation 
Procedures  Technical  Appendix  (EFTA)  for  a  detailed  discussion  of 
disposal  options.  Open-water  sites  are  located  offshore  in  deep¬ 
water  areas.  Unconflned  open-water  disposal  occurs  through  free 
fall  of  released  material  to  the  bottom  with  no  subsequent 
handling.  Confined  aquatic  disposal  Involves  follow-up  capping 
with  aaterlal  suitable  for  unconflned  open-water  disposal.  Near¬ 
shore  disposal  sites  are  typically  diked  aquatic  areas,  but  the 
final  surface  of  the  site  Is  usually  above  the  waterline.  Upland 
disposal  sites  axe  areas  created  on  land  entirely  above  the 
waterline,  and  are  often  diked.  PSDDA  Is  addressing  unconflned 
openrwatar  disposal  In  detail  (siting,  dredged  material 
evaluation  procedures,  and  site  management),  but  Is  addressing 
all  other  disposal  options  In  a  generic  manner  (mostly  evaluation 
procedures,  no  sites,  little  management/permlttlng). 

Cost  effective  evaluation,  disposal,  and  management  of 
dredged  material  Is  essential  to  the  economic  interests  of  the 
Puget  Sound  region  which  serves  as  a  major  deep  water  port  for 
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the  net ion.  More  Chan  200  aaall  boat  harbors  eeet  the  needs  of 
commercial  fishing  vessels  and  pleasure  craft  in  Che  Puget  Sound 
region.  Periodic  dredging  la  necessary  In  most  of  these  harbors 
as  well  as  In  the  aajor  ports.  For  uncontaminated  dredged 
material,  disposal  at  unconfined,  open-water  sites  has  been  the 
least  costly  alternative.  As  upland  and  Intertidal  areas  become 
more  difficult  to  secure,  the  demand  for  this  type  of  disposal 
will  Increase. 


1.1  Puget  Sound  Dredged  Disposal  Analysis 


The  Puget  Sound  Dredged  Disposal  Analysis  (PSDDA)  is  an 
interagency  study  which  Involves  the  U.S.  Army  Corps  of  lhiglneers 
(Corps)  as  lead  agency,  supported  by  the  U.S.  Environmental 
Protection  Agency  (EPA)  and  the  Washington  Departments  of  Natural 
Resources  (DNR)  end  Ecology  (Ecology).  The  goal  of  PSDDA  Is  to 
provide  the  basis  for  publicly  acceptable  guidelines  governing 
environmentally  safe  unconfined,  open-water  disposal  of  dredged 
material,  and  to  provide  Puget  Sound-wide  consistency  and 
predictability.  The  objectives  of  PSDDA  are  as  follows: 

o  Identify  acceptable  unconfined,  open-water  disposal 
sites. 

o  Define  acceptable  evaluation  procedures  for  dredged 
material  to  be  discharged  at  those  sites. 

o  Develop  site  use  management  plans. 

Three  work  groups  have  been  formed  to  address  these 
objectives  with  each  group  staffed  by  the  four  agencies 
conducting  PSDDA:  Army  Corps  of  Biglneers  (Corps);  U.S. 
firvlronmental  Protection  Agency  (EPA);  Washington  State 
Departments  of  Ecology  (Ecology);  and  Natural  Resources  (DNR) 
serving  on  each  work  group.  Many  others  Including  representa¬ 
tives  from  Puget  Sound  ports,  environmental  groups,  Indian 
tribes,  dredging  industry,  local  governments,  and  other  state  and 
Federal  agencies  are  also  participating  In  work  group  activities. 
The  work  groups  under  the  general  guidance  of  the  PSDDA  Study 
Director,  have  conducted  a  number  of  technical  studies.  Each 
work  group  produced  a  technical  appendix  which  summarizes  these 
studies.  These  work  groups  Include: 

o  Disposal  Site  Work  Group  (DSWG) 

o  Evaluation  Procedures  Work  Group  (EPWG) 

o  Management  Plan  Work  Group  (MWG) 
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DSWG  mi  assigned  the  responsibility  for  selecting 
unconflned,  open-water  disposal  sites  In  central  Puget  Sound. 

DSWG  produced  the  Disposal  Site  Selection  Technical  Appendix 
(DSSTA)  which  addresses  the  Identification  of  disposal  sites  for 
unconflned ,  open-water  disposal  of  dredged  aster ial  in  central 
Puget  Sound,  as  specified  pursuant  to  the  Clean  Water  Act  and 
related  authorities. 

E1WG  was  assigned  the  responsibility  for  developing  a 
decision-asking  framework  and  technical  specifications  for 
assessing  the  quality  of  dredged  aaterial  and  delineating 
materials  which  are  suitable  for  unconflned,  open-water  disposal. 
EWG  produced  the  Evaluation  Procedures  Technical  Appendix  (EPTA) 
which  addresses  the  development  of  evaluation  procedures  (testing 
and  disposal  guidelines)  for  determining  when  dredged  material  Is 
suitable  for  unconflned,  open-water  disposal  pursuant  to  the 
Clean  Water  Act. 

MPWG  was  assigned  the  responsibility  for  developing  the 
management  plan  for  each  of  the  unconflned,  open-water  disposal 
sites.  M1WG  produced  the  Management  Plans  Technical  Appendix 
(MPTA)  which  addresses  the  management  of  sites  to  be  used  for 
unconflned,  open-water  disposal  of  dredged  aaterial  In  central 
Puget  Sound,  pursuant  to  Implementation  of  the  Clean  Water  Act 
and  related  authorities. 

In  addition  to  PSDDA  there  are  other  ongoing  programs  in 
Puget  Sound.  In  particular,  the  work  conducted  by  PSDDA  required 
detailed  coordination  with  the  Puget  Sound  Estuary  Program  (PSEP) 
and  the  Puget  Sound  Water  Quality  Authority  (PSWQA).  In  fact, 
PSDDA  was  essentially  called  for  originally  in  the  first  scope 
(Initiative)  of  PSEP,  and  Is  considered  to  be  a  separate 
component  of  the  overall  estuary  program.  The  charter  of  the 
PSWQA  also  Includes  dredging  Issues.  The  Authority's  December 
1986  Comprehensive  plan  Is  being  developed  in  dose  coordination 
with  PSDDA. 

The  work  of  PSDDA  Is  divided  into  two  phases  that  differ 
geographically  and  temporarily.  Phase  1  of  the  study  began  in 
April,  1983  and  covers  a  smaller  geographic  area  than  Phase  II 
(Pig.  I. 1-1).  The  Phase  I  study  area  Includes  Puget  Sound  from 
Everett  south  to  Tacoma,  and  Port  Susan  north  of  Everett.  The 
focus  of  this  Technical  Appendix  Is  Phase  I  of  the  PSDDA  study, 
but  public  scoping  meetings  have  been  held  by  PSDDA  in  the  Phase 
II  communities  of  Olympia,  Port  Townsend,  and  Bellingham.  These 
meetings  were  held  to  ensure  that  in  the  Phase  II  area  the  public 
would  have  an  opportunity  to  Influence  the  Phase  I  process. 

Phase  II  of  the  PSDDA  study  overlaps  the  Phase  I  area  and 
Includes  Puget  Sound  northward  to  the  Canadian  border  and 
southern  Puget  Sound.  The  Phase  II  study  begsn  In  1986  and  will 
end  one  year  later  than  Phase  I. 

The  regulatory  context  of  the  PSDDA  study  is  Section  404  of 
the  Clean  Water  Act  of  1977  (Public  Law  92-500),  which 
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establishes  a  Federal  permit  system  for  the  disposal  of  dredge 
and  fill  material,  and  Section  401,  which  requires  a  water 
quality  certification  from  the  state  prior  to  Issuance  of  a 
Federal  permit.  The  Coastal  Zone  Management  Act  (Public  law  92- 
583)  requires  that  Federal  and  non-Federal  projects  In  a 
particular  state  be  consistent  to  the  maximum  extent  practicable 
with  the  state's  coastal  cone  management  program.  The  appeal 
process  differs  between  Federal  and  non-Federal  projects  not  in 
compliance.  In  addition.  Section  10  of  the  1899  Rivers  and 
Harbors  Act  also  applies  to  disposal  activities  In  navigable 
waters.  A  more  detailed  description  of  the  requirements  relevant 
to  disposal  of  dredged  materials  la  presented  in  Part  II. 1  of  the 
Evaluation  Procedures  Technical  Appendix. 


1.2  Disposal  Site  Work  Group  (DSWG) 


The  goal  of  the  Disposal  Site  Work  Group  was  to  develop  and 
implement  site  selection  criteria  for  choosing  unconfined,  open- 
water  disposal  sites  that  are  environmentally  acceptable, 
practicable,  and  economically  feasible.  The  site  selection 
process  has  identified  sites  that  are  acceptable  for  dredged 
material  In  full  compliance  with  404(b)(1)  guidelines.  The 
DSWG's  charter  also  Includes  developing  guidelines  for  site  use 
and  establishing  parameters  for  the  environmental  baseline  and 
subsequent  monitoring  studies. 


1.3  Management  of  the  Disposal  Site  Work  Group 


1.3.1  Participants  and  Coordination  of  Work — 


Four  agencies  are  the  principal  participants  In  DSW G.  The 
lead  and  chair  agency  la  the  D.S.  Army  Corps  of  Engineers 
(Corps).  The  D.S.  Environmental  Protection  Agency  (EPA)  and  the 
Washington  State  Departments  of  Natural  Resources  (DNR)  and 
Ecology  (Ecology)  are  supporting  agencies.  Representatives  of 
these  agencies  meet  as  necessary  to  coordinate  the  work.  In 
addition  to  the  four  primary  agencies;  Indian  tribes,  port,  city, 
county,  other  state  and  Federal  agencies,  and  other  interests 
were  also  Involved  In  the  actlvles  of  the  DSWG  (Table  I. 1-1). 

For  all  meetings  (Table  1.1-2),  minutes  were  recorded  that 
summarised  the  conclusions  of  the  work  group  discussion. 

Meetings  were  frequent  enough  to  enable  many  discussions  of  the 
relevant  issues.  The  ultimate  resolution  of  the  Issues  appears 
in  this  technical  appendix. 

Another  function  of  the  DSWG  meetings  was  general  monitoring 
of  the  work  as  it  proceeded.  This  monitoring  Included  contract 
oversight  and  review  of  technical  documents  submitted  by  the 
various  agencies  and  contractors. 
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1.3.2  Public  Involvement — 


The  public  was  also  Involved  In  the  DSWG  decision-making 
process  through  a  series  of  meetings  held  at  a  number  of 
locations.  These  meetings  were  publicised  through  news  media 
coverage,  Informational  brochures,  newsletters,  and  by 
encouraging  involvement  of  various  organisations. 
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TABLE  I. 1-1  PSDDA-DSWG  PARTICIPATING  AGENCIES  &  ORGANIZATIONS. 


o  State  of  Washington 


Department  of  Fisher lea  (WDF) 

Department  of  Game  (VDG) 

Department  of  Social  and  Health  Services  (DSHS) 
Puget  Sound  Water  Quality  Authority  (PSWQA) 
University  of  Washington  School  of  Fisheries 


o  Federal 


National  Oceanic  and  Atmos pherlc  Administration  (NOAA) 
U.S.  Fish  and  Wildlife  Service  (USFWS) 

U.S.  Coast  Guard  (USCG) 


o  Local  Governmenta/Agendes/Port  Districts 


Mason  County 
Thurston  County 
Island  County 
Jefferson  County 
Kitsap  County 
Snohomish  County 
King  County 
Pierce  County 
City  of  Everett 
City  of  Seattle 
City  of  Tacoma 

Municipality  of  Metropolitan  Seattle  (METRO) 

Puget  Sound  Council  of  Governments  ( PS COG) 

Port  of  Bellingham 

Port  of  Everett 

Port  of  Seattle 

Port  of  Port  Townsend 

Port  of  Tacoma 

Port  of  Anacortes 

Port  of  Mmonda 

Port  of  Olympia 

Port  of  Port  Angeles 

Port  of  Skagit  County 
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o  Indian  Tribes 


Muck el shoot 
Puyallup 
Tulalip 
Suquaalsh 


o  Brvironnental  Groupe/Organlzatlons 


Puget  Sound  Alliance 
League  of  Wo sen  Voters 
Greenpeace 

Washington  fitvlronaental  Council 
Friends  of  the  Earth 


o  Private  Citizen 


Bonnie  Onae 

o  Other 


Tatra  Tech,  Inc. 

Cooper  and  Associates  (Cooper) 

Evans- Hanil ton ,  Inc.  (EHI) 

Shapiro  and  Associates  (Shapiro) 

Bivlrosphere,  a  division  of  Ebasco,  Inc. 

Institute  of  Marine  Studies,  University  of  Washington 
Washington  Association  of  General  Contractors 
Washington  Association  of  Cities 
Washington  Public  Port  Association 
Battelle  Manorial  Institute  (Battelle) 

Magnolia  Bluff  Hone  owners  Association 
Northwest  Indian  Fisheries  Coonlsslon 
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TABLE  1.1-2  MEETING  DATES  OF  THE  DISPOSAL  SITE  WORKING  GROUP 
(DSWG). 


Meeting  No, 


1 

4  April  1985 

2 

9  April  1985 

3 

18  April  1985 

4 

30  April  1985 

5 

7 

May  1985 

6 

28 

May  1985 

7 

4 

June  1985 

a 

18 

June  1985 

9 

2 

July  1985 

10 

16 

July  1985 

11 

31 

July  1985 

12 

15 

Aug  1985 

13 

10 

Sept  1985 

14 

26 

Sept  1985 

15 

15 

Oct  1985 

16 

12 

Nov  1985 

17 

3 

Dec  1985 

18 

18  &  19 

Dec  1985 

19 

14 

Jan  1986 

20 

18 

Feb  1986 

21 

18 

Mar  1986 

22 

22 

Apr  1986 

23 

3 

June  1986 

24 

17 

July  1986 

25 

23 

July  1986 

26 

28 

July  1986 

27 

26 

Aug  1986 

28 

15 

Sept  1986 

29 

2 

Oct  1986 

30 

22 

Jan  1987 
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2.  DISPOSAL  SHE  SELECTION  BACKGROUND 


2.1  Definition  of  Dredged  Material 


The  scope  of  the  PSDDA  study  Is  Halted  to  the  disposal  of 
dredged  oaterial.  Upland  construction  notarial,  waste,  and 
debris  are  not  considered.  In  open  water  areas,  dredged  aaterlal 
la  defined  as  sedlnent  and  bottom  materials  that  are  removed 
during  dredging  operations  (e.g.,  clay,  silt,  sand,  and  rocks). 
The  definition  of  dredged  material  is  more  complex  when  dredging 
operations  occur  along  the  shoreline.  The  reader  should  consult 
the  Evaluation  Procedures  Technical  Appendix  for  a  discussion  of 
dredging  along  the  shoreline.  This  discussion  Includes  aaterlal 
classed  as  excavation  material  which  la  not  considered  for 
disposal  In  marine  waters.  Historically  in  Puget  Sound,  some  of 
this  excavation  material  has  been  informally  considered  as 
dredged  material,  and  will  continue  to  be  Included  as  dredged 
aaterlal  only  if  there  would  be  an  ecological  benefit  at  the 
disposal  site. 


2.2  Existing  Unconflned,  Open  Water  Disposal  Sites  In  the 
Phase  I  Area 


Currently,  there  are  deep  water  disposal  sites  in  Port 
Gardner,  Elliott  Bay,  and  Commencement  Bay.  The  chemical 
characteristics  of  these  sites  are  suamarieed  in  Appendix  C  of 
the  EIS.  Studies  of  biological  characteristics  at  existing  sites 
are  summarized  in  Exhibit  A.  Each  of  these  sites  either 
overlaps,  or  Is  very  near  one  of  the  disposal  sites  evaluated  as 
part  of  PSDDA  (see  Figure  1.2-1  and  Figs.  II. 3-2  through  II. 3-5). 
The  procedures  utilized  to  select  these  existing  sites  are 
discussed  in  this  section. 

The  DNR  has  used  guidelines  for  selecting  and  managing  the 
existing  open-water  disposal  sites  (NAG  332-30-166).  These 
guidelines  are  fairly  general  and  contain  the  following  key 
points: 

o  Open  water  sites  shall  be  used  almost  exclusively  for 
material  obtained  from  marine  or  fresh  waters. 

o  The  material  must  meet  the  approval  of  Federal  and  state 
agencies. 

o  In  selecting  disposal  areas,  consideration  must  be  given 
for  the  sites'  natural  characteristics,  probable  dispersal 
patterns,  substrate  type,  proximity  to  dredge  sites,  and 
living  resources  (including  aquaculture). 

o  Special  consideration  must  be  given  to  discharges  by 
pipeline. 
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o  The  department  may  require  investigations  of  biological 
and  physical  ays teas,  and  nay  perform  sub tidal  surveys. 

The  existing  open-water  dispoeal  sites  were  selected, 
reviewed,  and  operated  by  DMl  in  conjunction  with  the  Inter- 
Agency  Open-Meter  Dispoeal  Committee.  This  committee  consisted 
of  represents tlvaa  from  the  DMl,  Corps,  National  Narine  Fisheries 
Service,  EPA,  D.S.  Fish  end  Wildlife  Service,  and  Washington 
State  Departments  of  Game,  Fisheries,  and  Ecology.  Site 
selection  by  the  committee  followed  the  guidelines  described 
above.  The  establishment  of  open-water  disposal  sites  Is  subject 
to  DMl  obtaining  a  shoreline  master  use  permit  from  the  city  or 
county  having  jurisdiction  over  the  area. 

Pursuant  to  the  requirements  of  the  Shorelines  Management 
Act  (SNA)  of  1971  [te vised  Code  of  Washington  90.58),  cities  and 
counties  with  shorelines  on  Puget  Sound  have  developed  Shoreline 
Master  Programs  (SMPs)  and  corresponding  land  use  permitting 
processes,  Including  regulation  of  uses  on  state-owned  submerged 
lands.  Tory  general  guidelines  have  been  established  for  open- 
water  disposal  sites  [MAC  175-16-060(16)]. 

land  use  permits  issued  by  counties  and  cities  fall  into  one 
of  the  following  categories:  Substantial  Development  Permit; 
Conditional  Use  Permit;  or  Variance  Use  Permit.  Conditional  Use 
and  Variance  Dae  permits  require  approval  by  the  Washington 
Department  of  Ecology. 

Shoreline  Master  Programs  generally  divide  the  shoreline 
area  Into  segments  of  different  environmental  classifications  In 
which  permissible  and  prohibited  land  use  activities  are  defined 
(e.g..  Urban  Residential,  Conservancy,  etc.).  In  addition  to  the 
land  use  permit  requirements  of  the  SNA,  DMl  must  also  fulfill 
the  requirements  of  the  State  Environmental  Policy  Act  (SEPA) 
when  applying  for  a  site  permit  for  open-water  disposal.  The 
Environmental  Impact  Statement  (EIS)  requirements  for  SEPA  are 
analogous  to  those  of  the  National  Environmental  Policy  Act 
(NEPA). 

In  summary,  the  DNR's  permit  application  requirements  for  an 
open-water  dispoeal  site  are: 

o  Shoreline  Substantial  Development  Permit 

o  Conditional  Use  Permit  (where  needed) 

o  Eivlronmental  Checklist 

o  Preparation  of  an  EIS,  If  environmental  Impacts  are 
expected  to  be  significant. 


2.3  Revaluation  of  Ohconflned,  Open-Water  Sites 


As  described  above,  the  state  guidelines  are  very  general 
and  while  adequate  In  the  past  they  aay  not  be  effective  today 
for  determining  If  a  given  disposal  site  Is  environmentally  and 
publicly  acceptable,  given  the  Increase  In  Information  available 
to  make  the  decisions.  No  field  studies  were  conducted  to 
determine  the  existing  sites'  biological  and/or  physical 
characteristics.  However,  the  best  available  published 
Information  and  the  beat  Judgement  of  site  selection  committee 
members  had  been  used  to  select  sites.  Existing  site  use  became 
a  concern  because  of  recent  conflicts  In  obtaining  shoreline 
permits  from  several  Jurisdictions  and  because  new  Information 
has  became  available,  which  allows  more  informed  siting 
decisions. 

Disposal  decisions  previously  had  been  made  on  the  basis  of 
water  quality  criteria.  Tests  used  In  checking  for  Impacts  on 
water  quality  gave  no  indication  of  Impacts  on  the  benthos  and 
other  resources  from  contaminants  in  dredged  material.  No  other 
standards  were  available  to  Interpret  this  data. 

In  response  to  Increasing  concerns  regarding  potential 
environmental  and  human  health  Impacts  associated  with  open  water 
disposal  of  contaminated  dredged  material,  the  EFA  and  Washington 
Department  of  Ecology  at  the  request  of  the  City  of  Seattle  and 
DNR,  formulated  disposal  criteria  for  the  open-water  disposal 
site  in  Elliott  Bay  (Pburmile  Bock).  These  were  Interim  sediment 
criteria  intended  for  uae  only  until  regional  guidelines  were 
developed. 

The  Seattle  Department  of  Gonatructlon  and  land  Use  (DCLU) 
awarded  a  shoreline  permit  to  the  DNR  for  continued  use  of  the 
Fburmlle  Rock  open-water  disposal  site.  The  Notice  of  Decision 
for  the  permit  Includes  special  terms  and  conditions:  an  analysis 
of  the  decision  In  terms  of  technical  background,  and  SEPA;  and 
Interim  disposal  guidelines  developed  by  Washington  Department  of 
Ecology  and  the  EPA  (see  EPTA  for  further  discussion). 


2.3.1  Need  for  Unconfined  Open-Water  Disposal  Sites— 


2. 3.1.1  Dredging  in  the  Phase  X  Area 


Phase  I  of  PSDDA  focuses  on  dredging  activities  in  the 
central  area  of  Puget  Sound,  Including  maintenance  navigation 
dredging  and  dredging  for  new  port  facilities.  During  1970-1985 
approximately  seventeen  million  cubic  yards  were  disposed  in  open 
water  In  the  Riase  I  area.  There  are  a  number  of  Federal  naviga¬ 
tion  projects  In  the  Phase  I  area  of  Puget  Sound  that  will 
require  maintenance  dredging  by  the  Corps.  It  is  expected  that 
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the  previous  15-year  total  voluae  will  be  exceeded  in  the  next  15 
years,  based  on  Information  for  currently  planned  projects. 

All  of  these  projects  have  used  and  expect  to  continue  to 
use  unconfined,  open-water  disposal.  Most  dredging  activity  Is 
highly  dependent  on  the  availability  of  nearby  disposal  sites 
because  of  economic  considerations.  Alternative  disposal  sites 
are  generally  not  available  without  considerable  Increases  in 
maintenance  costa  (a .g. ,  upland  sites).  Disposal  at  confined  in- 
water  or  upland  sites,  while  dependent  on  the  specific  project. 

Is  estimated  to  cost  from  three  to  ten  times  more  per  cubic  yard 
than  present  open-water  disposal.  These  coat  differences  affect 
the  feasibility  of  many  dredging  projects.  See  EPTA  for  a  full 
discussion  of  cost  Implications  of  PSDDA  requirements  on  testing 
and  monitoring,  and  for  a  discussion  and  analysis  of  environmen¬ 
tal  alternatives  and  cost  Implications  to  dredging  and  open-water 
disposal. 


2. 3. 1.2  Dredging  Areas 


PSDDA  has  Identified  three  major  dredging  areas  centered 
around  Everett,  Seattle,  and  Tacoma.  The  largest  quantities  of 
dredged  material  la  generated  In  these  areas,  with  an  additional 
area  of  significant  dredging  activity  near  Bremerton.  The 
remainder  of  the  dredging  projects  In  central  Puget  Sound  are 
sporadic  In  nature  and  generally  consist  of  lesser  quantities. 
Tables  1.2-1  through  1.2-3  Identify  major  areas  where  dredged 
material  Is  generated  and  Indicate  the  total  volumes  of  material 
deposited  at  the  existing  sites,  volumes  disposed  in  the  period 
1970-1985,  and  the  15  year  projection  of  material  to  be  dredged 
In  each  area. 

Dredging  activities  in  central  Puget  Sound  have  been 
reviewed  and  summarized  In  the  Puget  Sound  Dredged  Material 
Inventory  System  (Bavlrosphere,  1986).  The  Dredged  Material 
Inventory  was  developed  from  Corps  permit  applications,  EPA 
summary  records,  and  other  sources.  Its  purpose  Is  to  inventory 
the  sources  of  dredged  material  and  to  characterize  these  dredged 
sediments  with  regard  to  location,  voluae,  chemical  composition, 
and  known  biological  effects.  The  computerized  database  has  been 
used  to  summarize  historic  and  current  dredging  activities,  and 
to  project  the  voluae  and  nature  of  sediments  that  nay  be  dredged 
In  the  future. 


2. 3.1.3  Historic  Dredging 


Dredging  operations  In  Puget  Sound  Involve  removal  and 
disposal  of  large  volumes  of  material.  From  the  Dredged  Material 
Inventory  it  has  been  estimated  that  a  total  of  16,850,000  cubic 
yards  was  dredged  during  the  15-year  period  from  1970  to  1985 
(Table  1.2-1).  Approximately  40  percent  of  this  total  was 
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deposited  at  unconfined  open-water  disposal  sites.  Thus,  an 
average  of  about  462,000  cubic  yards  of  dredged  sediment  was 
deposited  into  Puget  Sound  each  year  during  this  period.  The 
reaalnder  of  dredged  aaterlal  was  deposited  at  nearshore  or 
upland  disposal  sites.  However,  nearshore  and  upland  sites  have 
become  scarce  in  recent  years,  and  the  use  of  unconflned,  open- 
water  disposal  sites  has  increased.  Whereas  24  percent  of  the 
aaterlal  dredged  by  the  Corps  during  the  1970's  went  to  open- 
water  sites,  over  50  percent  of  the  aaterlal  dredged  in  the 
1980' s  has  been  sent  to  open-water  sites.  Although  Federal 
project  use  of  open-water  disposal  sites  varies  considerably  by 
site.  Corps  aaintenance  dredging  and  disposal  activities  have 
accounted  for  about  40  percent  of  the  total  volume  of  dredged 
aaterlal  placed  in  Puget  Sound  through  1983  (PSDDA  Phase  I  sites 
only;  Table  1.2-2). 


2. 3. 1.4  Dredging  Forecasts 


The  Dredged  Material  Inventory  database  has  been  used  in 
conjunction  with  lnforaation  on  currently  planned  projects  to 
project  the  total  voluae  of  sediment  to  be  dredged  in  the  Phase  1 
area  during  the  15-year  period  from  1985  to  2000.  A  fifteen  year 
planning  horizon  was  used  as  it  encompasses  all  known  major 
navigation  projects  and  is  the  maxiaui  forecasting  period  that 
PSDDA  felt  could  be  established  with  reasonable  certainty.  The 
PSDDA  disposal  sites  can  accomodate  dredged  material  well  beyond 
the  planning  horizon  as  will  be  shown  in  Section  II. 10. 3.  The 
projected  total  volume  to  be  dredged  la  22,697,000  cubic  yards,  a 
volume  14  percent  higher  than  the  total  dredged  during  the 
previous  15-year  period.  Of  this  total,  moat  of  the  projected 
dredging  activities  will  occur  in  four  areas:  Snohomish  River; 
Lake  Washington;  Duwamlsh  River;  and  Blair  Waterway  in 
Commencement  Bay  (Table  1.2-3).  Much  of  this  dredging  will  be 
done  by  the  Corps  for  navigation  channel  aaintenance,  and  most  of 
these  projects  have  historically  used  open-water  disposal  sites. 
Permit  applications  also  indicate  that  there  will  be  a  great 
demand  for  open-water  disposal  sites  for  other  projects.  Without 
the  availability  of  the  relatively  leas  expensive  open-water 
sites,  soma  of  these  projects  asy  not  be  economically  feasible. 


2.3.2  Concerns  with  Existing  Sites — 


Concerns  were  raised  about  using  the  existing  disposal  sites 
for  a  variety  of  reasons.'  The  City  of  Seattle  Department  of 
Construction  and  Land  Dee  required  that  an  EIS  be  prepared  to 
renew  the  shoreline  permit  at  Foumile  Rock.  There  was  also 
substantial  public  concern  about  this  aits  being  so  close  to  a 
residential  area  and  its  proximity  to  a  beach.  In  Port  Gardner, 
concerns  were  raised  about  the  lade  of  knowledge  of  biological 
resources  and  the  possible  lapse ts  dredged  material  disposal 
might  have  on  these  resources. 
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2.3.3  Site  Selection  Philosophy — 


Existing  DIR  disposal  sites  were  considered  in  the  disposal 
site  selection  process  if  they  net  certain  site  selection 
factors.  All  cooperating  agencies  in  PSDDA  agreed  early  on  that 
no  special  a  priori  consideration  would  be  given  to  the  existing 
sites  because  of  huaan  use  conflicts  and  environmental  concerns 
with  past  dredging  and  disposal  protocols.  An  objective  site 
selection  process  was  used  to  alnlaise  environmental  and  human 
usage  conflicts  as  much  as  possible;  existing  sites  adequately 
meeting  the  site  selection  factors  and  constraints  were  given 
equal  consideration  with  other  potential  sites. 


2.3.4  Existing  Information — 


Earlier  studies  concerning  the  movement  of  dredged  material 
mounds  were  made  in  Elliott  Bay.  One  occurred  in  inner  Elliott 
Bay  under  the  dredged  material  research  program  (DMRP)  and  the 
other  in  the  Fourmile  Rock  disposal  site  (Schell  et  al. ,  1976). 
These  studies  span  a  range  of  current  speeds  and  provide  the 
basis  for  the  determination  of  the  threshold  speed  for  the  move¬ 
ment  of  dredged  material. 

The  EMRP  site  in  inner  Elliott  Bay  was  monitored  for 
approximately  four  years  after  disposal  in  1976,  and  was  selected 
for  long-term  monitoring  under  the  Dredging  Operations  Technical 
Support  (DOTS)  Program  (Dexter  et  al.,  1984;  Tatem,  1984).  The 
studies  were  intended  to  determine  if  the  disposal  material 
remained  at  the  disposal  site. 

The  EMRP  studies  (Tatem,  1984;  Sweeney,  1978;  Tatem  and 
Johnson,  1978)  examined  various  environmental  samples  taken 
before,  during,  and  nine  months  after  the  disposal  operation  of 
February -March  1976.  Bathymetric  surveys  were  also  made  by  the 
Corps  to  construct  bottom  contour  maps  of  the  inner  Elliott  Bay 
disposal  area  which  indicated  little  or  no  change  in  the  disposal 
area  between  1976  and  1979. 

Currents  were  measured  to  determine  whether  the  currents 
were  sufficiently  strong  to  transport  the  sediment.  It  was 
observed  that  the  sediment  was  generally  cohesive  and  difficult 
to  move.  The  data  indicated  that  the  currents  were  weak,  moved 
primarily  in  response  to  tidal  fluctuations,  and  apparently  did 
not  move  much  of  the  sediment;  therefore,  the  area  could  be 
characterised  as  de positional  rather  than  eroslonal.  It  is 
possible  that  some  silt  and  clay  could  have  been  suspended  or 
resuspended  for  a  small  percentage  of  the  time;  however,  bottom 
photographs  were  very  clear,  indicating  little  resuspension  of 
sediment  particles. 


1-15 


An  accidental  spill  of  PCB  occurred  In  the  Duwaaish  River  in 
Septeaber  1974  and  settled  In  bottoa  sediments.  The  contaalnated 
sediments  were  removed  during  February  and  March,  1976  using 
special  dredging  techniques  designed  to  minimize  release  of  the 
aaterial  to  the  water.  Some  of  the  contaalnated  aaterial  waa 
placed  at  the  experimental  test  site,  which  coincidentally  falls 
within  the  Inner  Elliott  Bay  ZSF.  The  PCB  was  used  as  a  tracer 
of  the  sediment  allowing  docuaentatlon  of  the  location  and  move¬ 
ment  of  the  dredged  aaterial. 

A  comparison  of  data  from  the  CHRP  study  on  PCB  levels  in 
the  upper  10  centlaeters  of  sedlaent  at  the  center  of  the 
disposal  grid  with  data  from  the  DOTS  study  indicated  that  no 
major  changes  In  overall  PCB  levels  occurred  through  1980.  In 
general,  the  PCB  analyses  supported  the  results  of  the  sediment 
texture  analyses  and  Indicated  that  the  dredged  aaterial  mound 
had  not  changed  since  the  CHRP  studies. 

During  Septeaber  1974,  a  core  was  retrieved  froa  the  Four- 
alle  Rock  disposal  site  (Schell  et  al.,  1976).  A  visual  examina¬ 
tion  of  this  core  Indicated  depletion  of  fine  particles  in  the 
upper  layers.  The  core  was  sectioned  and  dated  by  lead-210 
(2lOPb)  dating  techniques  and  then  analysed  for  trace  netals . 
Trace  metal  concentrations  versus  depth  in  the  core  and  210Pb 
values  were  used  to  determine  the  sedlaentatlon  rate. 

For  determination  of  sedlaentatlon  rates,  the  cores  were 
divided  Into  sections,  and  the  210Pb  activity  In  each  section  was 
determined  by  alphaepcctroscopy.  Schell  et  al.  (1976)  suggested 
that  the  finer  aaterial,  containing  aost  of  the  210Pb,  was 
carried  away  by  bottoa  currents  as  Indicated  in  the  first  section 
of  the  curve.  They  cited  the  trace  aetal  profiles  presented  in 
Figure  11.7-7  as  further  evidence  of  the  erosion. 


TABLE  1.2-1  MAJOR  HEDGING  AREAS  AND  SUBAREAS  LOCATED 
m  THE  PHASE  I  CENTRAL  PUGET  SOUND  REGION 


location 


Port  Gardner 


Elliott  Bay 


Coaaanceaent  Bay 


Major  Dredging  Areas 


East  Waterway 
Lower  Snohoalsh 
Upper  Snohoalsh 

Lower  Duwaaish 
Upper  Duwaaish 
Duwaaish  Turning  Basin 
Lakes:  Kenaore/Saa.  R» 
Lakes:  Lake  Washington 
lakes:  lake  Union 
Lakes:  Lake  Wash.  Canal 
Sinclair  Inlet 
Eagle  Harbor 

Hylebos  Waterway 
Blair  Waterway 
Sltcun  Waterway 
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TABLES  1.2-2  PUGET  SOUND  DREDGED  MATERIAL  INVENTORY  FOR  THE 
PHASE  I  AREA  (SEATTLE,  TACOMA,  EVERETT)  1970- 
1985.  ALL  VOLUMES  ARE  EXPRESSED  IN  CUBIC  YARDS 


A.  Totals 


Total  voltae  dredged  16,850,000  cubic  yards 

Total  voluae  disposed  at  6,758,000  cubic  yards 

uncoofined  open-water  sites 

Total  voluae  disposed  at: 

Port  Gardner  692,000  cubic  yards 

Elliott  Bay  4,598,000  cubic  yards 

Conaenceaent  Bay  782,000  cubic  yards 


Corps  of  Engineers  Port  Other 

Projects  Projects  Projects 

B.  Project  Type 

Total  voluae 
dredged 

(cubic  yards)  5,775,000  4,635,000  6,480,000 

Total  voluae 
disposed  to 
open  water 

(cubic  yards)  2,167,000  1,389,000  3,202,000 

Total  voluae 
disposed  upland 
or  nearshore 

(cubic  yards)  3,588,000  3,246,000  3,257,000 


C.  Disposal  Method 

Disposal  Methods  for  Corps  of  Engineers  Projects 
1970-1979  1980-1985 

Voluae  Percent  Volume  Percent 


Water 

Upland/Nearshore 


818,214 

2,544,766 


24 

76 


1,027,227  54 

887,274  46 


TABLE  1.2-3  PHASE  I  AREA  15-TEAR  PROJECTIONS  (1985-2000) 
OF  TOTAL  DREDGING  VOLUMES 


Location 


Dredging  Area  Project  Volume 

(cubic  yards) 


Port  Gardner 
and  Vicinity 

East  Waterway 

Lower  Snohoalsh 

Upper  Snohoalsh 

All  other  areas 

3,552,0001 

2,321,000 

2,175,000 

195,000 

Subtotal 

8,243,000 

Elliott  Bay 
and  Vicinity 

Lower  Duwaalah 

Upper  Duwaalah 

Duwaalah  Turning  Basin 
Lakes:  Kenaore/Saa.  R. 
Lakes :  Lake  Washington 
lakes:  Lake  Union 
lakes:  Lake  Wash.  Canal 
Slndalr  Inlet 

Eagle  Harbor 

All  other  areas 

4,812,0002 

2,021,000 

612,000 

114,000 

1,368,000 

5,000 

80,000 

200,000 

115,000 

1,198,000 

Subtotal 

10,525,000 

Coaaencenent  Bay 
and  Vicinity 

Hylebos  Waterway 

Blair  Waterway 

Sltcua  Waterway 

All  other  areas 

216,000 

2,936,0003 

56,000 

166,000 

Subtotal 

3,929,000 

Total 

22,697,000 

Reference:  Projections  Bade  by  U.S.  Amy  Corps  -  Seattle 
District! 

presented  in  the  PSDDA  cost  analysis. 


1/Indudes  U.S.  Navy  hone  port  project. 

2/Includes  Duvaalsh  widening  and  deepening  project. 
3/Indudea  Blalr/Sitcua  navigation  laprovenent  project. 
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PSDDA  PHASE  I 

ZONES  OF  SITING  FEASIBILITY 

(ZSF’s) 


Port  ' 
Townsend 


Everett 


JBB 


Seattle 


LEGEND 

□  Disposal  Site 

a  Existing 
m  Disposal  Sits 


Disposal  Sits 
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v  Zonsof 
}  >  Siting 
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Figure  1.2-1  PSDDA  Phase  I  Zones  of  Siting  Feasibility  (ZSFs) . 
(Source:  Corps ) 
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PART  II 


IDENTIFICATION  OF  UNCONFINED  OPEN-WATER  DISPOSAL  SITES 


I.  OVERVIEW  OF  DISPOSAL  SITE  SELECTION  PROCESS 


The  site  selection  process  used  by  PSDDA  utilized  existing 
information  In  combination  with  field  studies  to  identify 
preferred  and  alternative  disposal  sites.  The  approach  used  is 
similar  to  that  described  In  the  EPA  and  Corps  workbook  entitled 
"General  Approach  to  Designation  Studies  for  Ocean  Dredged 
Material  Disposal  Sites”  (EPA /Corps ,  1984).  Steps  of  the  site 
selection  process  were  as  follows: 

(1)  Define  general  siting  philosophy.  This  step  addresses 
disposal  philosophy  (i.e. ,  whether  sites  should  be 
dispersive  or  nondlsperslve),  general  siting  locations 
(l.e. ,  ocean,  strait,  or  sound),  and  the  number  of 
disposal  sites. 

(2)  Identify  selection  factors  to  delineate  Zones  of  Siting 
Feasibility  (ZSFs).  This  step  uses  existing 
information  on  biological  resources  and  human  use 
activities  to  Identify  general  areas  where  disposal 
sites  might  be  appropriately  located. 

(3)  Conduct  field  studies  on  the  ZSFs.  Field  and  model 
studies  are  conducted  to  fill  key  data  gaps  and  gather 
information  on  the  physical  and  biological  conditions 
of  the  ZSFs.  Since  these  studies  were  conducted  to 
check  the  general  condition  of  the  ZSFs,  they  are 
sometimes  referred  to  as  "checking  studies". 

(4)  Identify  preliminary  sites  within  the  ZSFs. 

Information  from  the  ZSF  studies  Is  used  to  identify 
preliminary  locations  for  disposal  sites  within  the 
ZSFs. 

(5)  Conduct  field  studies  on  the  sites.  Field  and  model 
studies  are  conducted  to  obtain  needed  physical  and 
biological  information  for  the  preliminary  sites. 

These  studies  are  referred  to  as  "site-specific 
studies”. 

(6)  Identify  preferred  sites.  Information  from  the  site- 
specific  studies  Is  used  to  Identify  preferred  and 
alternative  sites. 

Bcistlng  DNR  disposal  sites  were  considered  In  the  disposal 
site  selection  process  if  they  met  certain  site  selection 
factors.  All  cooperating  agencies  in  PSDDA  agreed  early  on  that 
no  special  a  priori  consideration  would  be  given  to  the  existing 
sites,  because  of  human  use  conflicts  and  environmental  concerns 
with  past  dredging  and  disposal  protocols.  An  objective  site 
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selection  process  was  used  to  minimize  environmental  and  human 
usage  conflicts  as  much  as  possible,  and  existing  sites 
adequately  meeting  the  site  selection  factors  and  constraints 
were  given  equal  consideration  with  other  potential  sites. 

1.1  Disposal  Philosophy 


Early  in  the  site  selection  process  discussions  arose 
concerning  the  merits  of  dispersive  versus  non  dispersive  sites. 
The  initial  consensus  was  to  consider  all  types  of  sites, 
including  river  deltas.  The  factors  in  Table  II. 1-1  were  ranked 
according  to  their  importance  in  selecting  dispersive/ non- 
dlsperslve  sites.  They  were  ranked  high  concern  (+),  medium 
concern  (x),  or  low  concern  (-). 

It  was  soon  determined  that  unconfined  open-water  disposal 
sites  in  the  Phase  I  area  should  be  relatively  nondisperslve 
rather  than  dispersive  in  nature.  Placing  dredged  material  in 
nondisperslve  sites  gives  site  managers  the  ability  to  maintain 
control  and  accountability  over  site  conditions.  This  is 
particularly  important  when  chemical  contaminants  may  be  present 
in  the  dredged  material  and  it  is  necessary  to  minimize  the 
exposure  of  important  resources. 

Monitoring  of  the  stability  of  a  dredged  material  deposit 
is  Important.  If  material  is  contained  within  a  stable,  mounded 
deposit  then  the  contaminants  are  not  readily  available  to  the 
environment  beyond  the  margins  of  the  disposal  site.  One  of  the 
cost  Important  concepts  of  disposal  management  is  the 
classification  of  disposal  sites  as  containment  (non-disperslve) 
or  dispersive  sites.  This  classification  is  then  reflected  in 
the  overall  management  of  the  site.  If  it  is  concluded  that  the 
dredged  material  will  generally  stay  within  the  boundaries  of  a 
disposal  site  then  monitoring  of  disposal  impacts  and  capping 
(if  required  for  remedial  action)  is  possible.  However,  if  the 
site  is  a  dispersive  site  then  point  dumping  or  other  techniques 
to  limit  the  spread  of  material  are  not  warranted  and  monitoring 
of  Impacts  is  much  more  difficult  simply  because  of  a  much  larger 
zone  of  potential  Impact.  For  these  reasons  the  general  policy 
for  designation  of  disposal  sites  has  been  to  find  areas  where 
discharged  dredged  material  will  be  relatively  stable. 

The  general  philosophy  that  FSDDA  chose  for  the  Phase  I  site 
selection  was: 

o  Disposal  of  dredged  material  should  avoid  unacceptable 
adverse  resource  impacts. 

o  Only  material  suitable  for  unconflned  disposal  should  be 
allowed  at  the  sites. 

o  Sites  should  be  located  in  a  relatively  non-dispersive 
environment . 


o  When  sice  use  is  discontinued ,  eventual  recovery  to 
ambient  conditions  should  occur. 

o  Site  should  have  no  unacceptable  adverse  impacts  on 
food fish,  shellfish,  and  aarine  aaaaals. 

o  Minimize  Interference  on  human  uses.  (Shipping  lanes 
and  anchorages  aay  have  Coast  Guard  restrictions). 

o  Full  coapliance  with  404(b)(1)  guidelines. 

The  ability  to  nonit or  disposal  site  operations,  to  nodlfy 
disposal  practices,  and  to  conduct  any  necessary  site  reaedlal 
actions,  are  all  advantages  of  the  nondlsperslve  siting 
philosophy.  Zf  dispersive  sites  are  functioning  correctly, 
monitoring  and  assessment  of  iapacts  is  extremely  difficult.  It 
is  expected  that  any  unacceptable  adverse  impacts  can  be 
identified  and  controlled  and,  therefore,  that  public  acceptance 
will  be  greater,  with  nondlsperslve  rather  than  dispersive  siting. 


1.1.1  Assumptions — 


Assumptions  made  by  DSWG  in  selecting  areas  suitable  for 
disposal  sites  are  discussed  later  in  this  Appendix.  However, 
they  are  listed  here  for  conciseness.  The  major  assumptions  were: 

(1)  Dredged  material  will  be  duaped  from  bottom  dump  barges. 

(2)  The  dredged  material  will  be  suitable  for  unconfined 
open-water  disposal. 

(3)  It  is  preferable  that  the  dredged  aaterlal  generally 
remain  within  the  chosen  disposal  site,  i.e.,  a  non- 
disperaive  site  is  preferred  over  a  dispersive  site. 

(4)  An  area  was  considered  relatively  non-dlsperslve  if  the 
peak  IX  current  speed  was  less  than  25  centimeters  per 
second  and  if  the  sediments  had  saall  grain  size;  and 
statistically  elevated  (i.e.,  greater  than  1.96  SND*) 
volatile  solids,  biochemical  oxygen  demand,  and  water 
content  for  values  collected  for  that  depth. 

(5)  These  assumptions  were  applied  only  when  biological 
resource  values  were  generally  low. 


*SND  “  Standard  Normal  Deviate 
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1 .1 . 2  Objectives — 


The  specific  objectives  of  the  DSWG  in  the  Phase  I  area  were 
to  select  disposal  areas  reasonably  accessible  to  major  urban 
areas  where  there  is  substantial  dredging  activities. 


1.2  General  Siting  Locations 


General  areas  available  for  unconflned,  open-water  disposal 
include  the  Pacific  Ocean,  the  Strait  of  Juan  de  Fuca ,  and  Puget 
Sound.  Discussion  of  each  area  follows. 


1.2.1  Ocean  Disposal — 


While  disposal  of  dredged  material  within  the  waters  inside 
the  baseline  from  which  the  territorial  sea  is  measured  is 
governed  by  the  Clean  Uater  Act  and  Section  404(b)(1)  guidelines, 
disposal  beyond  the  baseline,  in  the  open  ocean,  is  regulated  by 
guidelines  developed  under  the  Marine  Protection,  Research  and 
Sanctuaries  Act  (Public  Law  92-532,  as  amended).  The  ocean 
dumping  regulations  require  application  of  specif if led  criteria 
to  evaluate  dredged  material  and  the  use  of  formally  designated 
disposal  sites.  At  the  present  time,  there  are  no  designated 
ocean  disposal  sites  in  the  Pacific  Ocean  west  of  Cape  Flattery. 

The  costs  associated  with  barge  transport  of  dredged 
material  to  the  ocean  are  extremely  high.  Estimated  unit  costs 
of  barge  transport  per  cubic  yard  (1/c.y.)  to  potential  ocean 
disposal  sites  10  or  50  nautical  miles  off  Cape  Flattery  (the 
Cape  is  approximately  124  nautical  miles  from  ELliott  Bay)  range 
as  follows:  Port  Gardner:  $31.55-$4l.55/c.y. ;  Elliott  Bay: 
$33.05-$43.05/c.y.;  and  Commencement  Bay:  $38. 25-$48. 25/c.y. 
(EPTA,  1987).  These  costs  are  in  addition  to  dredging  costs. 

Prior  to  any  disposal,  permitting  and  EI5  procedures  similar 
in  nature  to.  FSDDA  would  be  required  for  site  designation  and 
use.  Additionally,  dredged  material  evaluation  procedures  for 
ocean  disposal  are  similar  to  those  which  are  being  developed  by 
PSDDA.  Therefore,  it  is  highly  unlikely  that  disposal  of  greater 
quantities  of  dredged  material  at  unconflned,  open-water  disposal 
sites  would  be  considered  acceptable;  and  environmental  benefits 
or  savings  to  offset  transportation  costs  would  not  be  realized. 
Additionally,  nondlsperslve  sites  could  likely  not  be  found, 
necessitating  use  of  dispersive  sites. 

Another  problem  with  conducting  disposal  operations  in  the 
open  ocean  environment  results  from  high  winds/waves  and  storm 
activity,  which  occur  during  the  fall,  winter,  and  early  spring 

seasons. 
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Therefore,  ocean  disposal  la  a  method  that  la  not  currently 
available  within  a  coat  effective  diatance  from  Port  Gardner, 
Elliott  Bey,  and  Coamaacement  Bay.  This  eethod  la  therefore  not 
conaldered  to  be  a  reeaonable  option  becauae  of  decreaad  safety. 
Increased  coats  and  no  offsetting  environmental  benefits.  EPTA, 
Part  II,  Section  10.4  contains  an  additional  discussion  and  cost 
analysis  for  the  ocean  disposal  eethod. 


1.2.2  Disposal  In  the  Strait  of  Juan  da  Fuca — 


Though  disposal  of  dredged  material  In  the  Strait  of  Juan  de 
Fuca  Is  regulated  under  Section  404  of  the  Clean  Hater  Act,  the 
concerns  for  tM«  option  are  slellar  to  the  ocean  disposal 
option.  Dredged  notarial  evaluation  procedures  would  be  similar, 
assuming  a  nondlsperaive  alts  could  be  found.  Additionally, 
disposal  In  this  area,  especially  If  located  adjacent  to  the 
U. S. -Canadian  border,  nay  require  added  coordination  with  the 
Canadian  authorities. 

The  transport  costs  for  this  option  are  also  very  high. 
Estimated  unit  costs  ($/c.y.)  of  barge  transport  froa  the  Phase  I 
areas  to  a  high  potential  disposal  site  at  the  mouth  of  Cape 
Flattery  within  the  Strait  of  Juan  de  Fuca  are:  Port  Gardner: 
$29.30;  Elliott  Bay:  $30.80;  and  Commencement  Bay:  $36.30.  And 
frequent  winter  storms  would  cause  disposal  operations  to  be  more 
hazardous  than  the  more  sheltered  areas  of  Puget  Sound. 

Therefore,  disposal  In  the  Strait  Is  a  method  that  Is  not 
currently  available  within  a  cost  effective  diatance  from  Port 
Gardner,  Elliott  Bay  and  Commencement  Bay,  and  is  not  considered 
to  be  a  reasonable  option  because  of  decreased  safety  and  lack  of 
offsetting  environmental  benefits.  EPTA,  Part  II,  Section  10.4 
contains  an  additional  discussion  and  cost  analysis  for  the 
Straits  disposal  method. 


1.2.3  Puget  Sound — 


The  remaining  potential  open-water  disposal  sites  are 
located  within  the  PSDDA  Phase  I  and  II  study  areas.  The  general 
similarity  of  physical  and  biological  conditions  In  the  various 
parts  of  Puget  Sound  argues  against  the  need  to  transport  Central 
Puget  Sound  (Phase  I  area)  dredged  material  to  either  the 
northern  or  southern  portions  of  the  Sound  (Phase  II  areas). 

There  Is  no  discernible  gain  in  environmental  benefits  that  will 
offset  Increased  costs. 

Iherefore,  only  dredging  and  open-water  disposal  sites 
within  the  confines  of  the  PSDDA  Phase  I  area  are  addressed  In 
detail.  PSDDA  will  Identify  additional  disposal  sites  as  a 
separate  study  for  the  Phase  II  area. 


1.3  Humber  of  SI tea 


lb  determine  the  number  of  sites  needed,  the  major  areas  of 
dredging  were  Identified  for  the  Phase  1  area.  Review  of 
dredging  records  compiled  for  PSDDA  (see  EPTA  for  detailed 
dredging  Information)  indicates  that  the  largest  quantities  of 
dredged  material  ere  generated  In  the  Everett,  Seattle,  and 
Ifccoma  areas.  Dredging  projects  throughout  the  remainder  of 
Central  Puget  Sound  are  less  frequent  and  generate  substantially 
less  volume  of  material.  These  three  major  areas  are  located  at 
approximately  equal  distances  from  each  other  on  a  north-south 
line.  Additionally,  each  area  contains  low-energy  environments 
which  would  likely  provide  nondlsperslve  sites. 

PSDDA  considered  one  or  two,  three,  and  four  or  more 
regional  diepoaal  sites  for  the  Phase  I  area.  The  one  or  two 
disposal  sites  option,  although  affecting  less  total  bottom 
acreage,  would  have  significant  economic  repercussions  for  the 
particular  major  dredging  area(s)  operating  without  a  nearby 
disposal  site.  Though  no  coat  difference  would  be  Incurred  by 
those  Port  facilities  closest  to  the  disposal  site,  greater  costs 
would  be  Incurred  by  others. 

The  four  or  more  disposal  sites  option  is  also  considered 
undesirable.  Little  economic  benefit  would  be  realized  by 
designating  sites  outside  the  major  dredging  areas,  and  site 
management  responsibilities  and  costs  would  be  increased. 
Additional  areal  spread  of  sediments  would  result  in  added 
environmental  effects. 

Historically,  dredged  material  disposal  has  occurred  at  the 
three  major  urban  eabaynents  within  Central  Puget  Sound.  This 
precedent.  In  combination  with  the  reasons  described  above,  led 
PSDDA  to  decide  that  three  sites  should  be  found  for  Phase  I,  one 
for  each  major  dredging  area. 
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TABLE  II.  1-1  SELECTION  FACTORS  AND  THEIR  RANKING  FOR  DISPERSIVE 
AM)  NON  DISPERSIVE  SITES. 


Factors 

Dispersive 

Non  Dispersive 

Nsvlgatlon  Lanes 

+ 

+ 

Biological  Resources 
(food  &  shellfish) 

♦ 

+ 

(Aquatic  habitat) 

Monitoring  Compl lance 

- 

+ 

Economic  Haul 

X 

X 

Remedial 

+ 

X 

Aesthetics 

- 

x  or  + 

Other  Use 

(cable  crossings,  anchorages) 

♦ 

+ 

(Fish  &  Trawl  areas) 

Sediment  Type 

? 

+ 

Current  Velocity 

♦ 

+ 

Nave  &  Current  Direction 

+ 

+ 

Pollutant  Loading 

+ 

+ 

Hater  Quality 

X 

X 

Bathymetry 

- 

+ 

Source:  Minutes  of  DSWG  Meeting  Number  I,  dated  4  April  1985. 
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2.  ZONES  OF  SITING  FEASIBILITY  (ZSFs)  IN  PHASE  I  AREA 

2.1  Identification  of  the  ZSFs 


Zones  of  Siting  Feasibility  (ZSF)  are  those  areas  which  nay 
have  the  potential  to  accoaodate  open-water  disposal  activities 
based  on  existing  information.  In  general,  ZSFs  are  areas  which 
have  the  least  conflict  with  the  siting  factors  of  concern.  The 
process  utilized  to  Identify  ZSFs  Involved  four  discrete  steps: 

Step  1.  Define  general  ZSF  selection  factors. 

Step  2..  Define  and  nap  specific  ZSF  selection  factors. 

Step  3.  Apply  constraints  to  the  Identified  ZSFs. 

Step  4.  Prioritize  ZSFs  for  purposes  of  field  studies. 

These  steps  are  further  described  below,  and  are  addressed  in 
detail  In  Section  II. 3  of  this  Appendix. 


2.1.1  General  ZSF  Selection  Factors — 


Three  general  ZSF  selection  factors  were  Identified  early  in 
the  PSDDA  study.  It  was  determined  that  ZSFs  should,  to  the 
Maximum  extent  possible: 

o  Avoid  high  energy  areas  that  would  disperse  dredged 
material  significantly  beyond  the  disposal  site  area. 

o  Avoid  unacceptable  adverse  Impacts  on  foodflsh, 
shellfish,  marine  masmals,  and  marine  birds. 

o  Minimize  Interference  with  human  uses  to  the  lowest 
practicable  level. 


2.1.2  Specific  ZSF  Selection  Factors— 


The  three  general  ZSF  selection  factors  werr*  further  defined 
by  nineteen  specific  selection  factors.  Most  of  these  factors 
are  Identified  In  Federal  and  State  regulations  relating  to 
dredged  material  disposal  sites  located  In  water.  The  specific 
factors  were  mapped  and  overlayed  to  display  areas  where  siting 
might  occur  with  a  minimum  of  conflict  (Table  II. 2.1).  See 
Exhibit  B  for  a  detailed  description  of  site  selection  factors 
and  maps.  These  factors  are: 
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TABLE  II. 2-1.  SPECIFIC  FACTORS  FOR  IDENTIFICATION 
OF  ZONES  OF  SITING  FEASIBILITY 


1.  Navigation  activities 

2.  Recreational  usee 

3.  Cultural  altea 

4.  Aquaculture  facilities 

5.  Utllltlea 

6.  Scientific  study  areas 

7.  Point  pollution  sources 

8.  Hater  Intakes 

9.  Shoreline  land  use  designations 

10.  Political  boundaries 

11.  Location  of  dredging  areas 

12.  Beneficial  uses  of  dredged  Material 

13.  Fish/ shellfish  harvest  areas 

14.  Threatened  and  endangered  species 

15.  Fish/ shellfish  habitat 

16.  Wetlands,  nud flats  end  vegetated  shallows 

17.  Bathymetry 

18.  Sediment  characteristics 

19.  Water  currents 


2.1.3  Apply  Constraints  to  Identified  ZSFs — 


Additionally,  the  following  constraints  were  Imposed  on  ZSF 
boundaries  by  PSDDA: 

First,  the  ZSF  should  be  located  a  minimum  water  surface 
distance  of  2,500  feet  from  adjacent  shorelines  to  provide  a 
buffer  from  noise  and  adverse  environmental  effects  to  the 
shore. 

Second,  the  ZSFs  should  be  buffered  by  a  minimum  distance  of 
2,500  feet  as  measured  along  the  water  surface  from 
vulnerable  biological  resources. 

Third,  the  ZSFs  should  be  located  in  water  depths  greater 
than  120  feet.  Water  depths  of  less  than  120  feet  are 
generally  more  biologically  productive  and  of  major 
Importance  to  many  of  Puget  Sound's  Important  commercial 
fish  and  shellfish  species. 

And  fourth,  the  ZSFb  should  be  located  In  water  depths  of 
less  than  600  feet.  Based  on  model  results,  water  depths 
greater  than  600  feet  could  result  In  substantially  more 
dispersion  of  the  dredged  material  during  descent  through 
the  water  column. 


It  la  Important  to  note  that  the  selection  factors  and 
constraints  were  not  considered  or  applied  as  inviolate 
standards.  This  is  primarily  because  they  were  being  used  with 
existing  and  available  interaction.  As  studies  gathered  new 
inform tl on  about  the  ZSFs,  adjustments  to  boundaries,  and  later 
to  site  locations,  were  made  as  necessary. 


2.1.4  Prioritization  of  ZSFs  for  Purposes  of  Field  Studies — 


ZSFs  were  further  divided  into  priority  1  and  2  rankings 
based  on  their  proximity  to  major  dredging  areas  (Figs.  11. 2-1 
a&b).  The  rankings  served  to  Identify  areas  that  would  receive 
first  consideration  for  studies  to  locate  potential  sites.  If 
acceptable  sites  could  not  be  found,  priority  2  ZSFs  would  be 
considered.  Priority  1  ZSFs  are  less  than  ten  nautical  miles  and 
priority  2  ZSFs  are  greater  than  ten  nautical  miles  from  major 
dredging  areas,  which  reflects  a  consideration  of  economic 
factors. 


2.2  Description  of  the  ZSFs 


The  priority  1  ZSFs  identified  from  this  process  are  located 
in  Port  -Gardner,  inner  Elliott  Bay,  outer  Elliott  Bay,  and 
Commencement  Bay  (Fig.  II. 2-1).  The  limited  information 
available  for  the  Port  Gardner  ZSF  suggested  the  need  to  identify 
a  backup  ZSF,  pending  Information  to  be  gathered  from  field 
studies.  Therefore,  a  Priority  2  ZSF  in  Saratoga  Passage  was 
also  Included  for  detailed  studies.  Priority  2  ZSFs  other  than 
Saratoga  Passage  were  not  studied  in  detail  since  field  studies 
of  the  priority  1  ZSFs  showed  them  to  be  acceptable.  The  ZSFs 
are  described  below. 

After  all  of  the  field  studies  the  final  preferred  and 
alternative  sites  were  chosen.  These  sites  are  shown  on  many 
figures  as  a  convenience  to  the  reader,  so  that  the  final  sites 
can  be  seen  with  the  data.  Table  11.2*2  gives  these  disposal 
site  location  coordinates  for  each  ZSF. 


2.2.1  Saratoga  Passage  ZSF — 


The  Saratoga  Passage  Priority  2  ZSF  was  located  immediately 
south  of  the  mouth  of  Holmes  Harbor.  Factors  determining  the 
boundaries  of  this  ZSF  were  vessel  traffic,  shellfish 
populations,  and  flnflsh  harvesting  to  the  northeast;  f Infish 
harvesting  to  the  southeast;  cable  routes  and  crab  populations  to 
the  southwest;  and  ground fish  habitats  in  the  northwest. 
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2.2.2  Port  Gardner  ZSP — 


The  Port  Gardner  ZSP  vaa  selected  using  the  constraints  of 
water  depth  (l.e. ,  deeper  than  120  feet  and  shallower  than  600 
feet)  and  providing  a  2,500-foot  buffer  zone  adjacent  to  the 
shore.  Halted  data  existed  which  Indicated  that  laportant  fish 
and  shellfish  (notably  Dungeness  crab)  resources  Bight  exist  in 
all  or  portions  of  the  ZSF.  Given  the  paucity  of  data,  PSDOA 
decided  to  conduct  field  studies  of  the  ZSF  to  deteralne  the 
seasonally  dependent  spatial  distribution  of  these  resources  as  a 
positive  check  on  potential  resource  conflicts.  In  the  event 
serious  conflicts  were  found  to  exist,  then  the  Saratoga  Passage 
ZSF  could  be  utilised  as  an  alternative  site.  The  existing  Port 
Gardner  disposal  sits  was  only  partially  located  within  the  ZSF 
and  half  of  the  site  was  outside  the  ZSF  within  the  2,500-foot 
buffer. 


2.2.3  Elliott  Bay  ZSFs— - 


The  northern  ZSF  in  Elliott  Bay  is  located  off  Fournile  Rock 
and  is  shaped  roughly  like  a  football.  The  southwest  boundary  of 
the  football  was  constrained  by  tugboat  routes  and  cable 
crossings,  while  the  Inshore  boundary  was  determined  by  the 
120-foot  depth  limitation  and  an  anchorage  area.  The  western 
corner  of  the  ZSF  encompassed  the  existing  DNR  disposal  site 
known  as  Fburmile  Rock. 

The  Inner  Elliott  Bay  ZSF  Is  located  north  of  the  aouth  of 
the  Duwaalsh  River.  The  boundaries  of  the  inner  Elliott  Bay  ZSF 
were  determined  by  ferry  crossings  on  the  north,  anchorage  areas 
and  navigation  lanes  to  the  south  and  east. 


2.2.4 


encement  Bay  ZSF — 


Boundary  delineations  for  the  Coaaenceaent  Bay  ZSF  were 
largely  determined  by  the  water  depth  criteria  (between  120  feet 
and  600  feet)  and  the  2500  foot  shoreline  buffer.  Biological 
resource  conflicts  were  minimal  within  the  ZSF  boundary.  The 
existing  Z3I41  disposal  site  is  located  within  the  priority  1  ZSF. 
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2.3  Literature  Review 


2.3.1  Bibliography- 

Parallel  to  the  preparation  of  the  overlays,  an  intensive 
literature  search  was  Bade  to  coaplle  the  information  that  was 
used  to  construct  the  naps.  Due  to  the  large  number  of 
citations,  they  have  not  been  Included  in  this  technical 
appendix;  however,  they  can  be  found  in  the  reports  entitled, 
"Bibliography  and  Maps  Pertinent  to  the  Selection  of  Open  Water 
Dredge  Disposal  Sites  in  the  Greater  Puget  Sound  Region”  (Evans- 
Hsmllton,  Inc.,  1983),  and  Bvans-Hamll ton ,  Inc.,  (1988),  "The 
Location,  Identification  and  Evaluation  of  Potential  Submerged 
Cultural  Resources  at  Three  Puget  Sound  Dredged  Disposal  Areas" 
which  are  on  file  at  the  Corps  Seattle  District  library.  The 
literature  survey  resulted  in  a  bibliography  of  references  to 
existing  maps  containing  information  relevant  to  the  selection  of 
ZSFs.  The  geographic  area  covered  included  Puget  Sound,  the 
Strait  of  Juan  de  Fuca  east  of  Port  Angeles,  and  the  Strait  of 
Georgia  south  of  the  Canadian  border. 

2.3.2  Environmental  Studies  Review— 


As  part  of  the  evaluation  process  a  review  of  existing 
information  was  undertaken  which  helped  to  characterise  these 
sones.  This  review  consisted  of  an  evaluation  of  published 
literature  as  well  as  unpublished  data.  The  effort  was  initiated 
and  guided  by,  dlacusaiona  with  individuals  representing  city, 
state  and  Federal  agencies,  academic  institutions,  and  private 
consulting  organizations  known  to  have  expertise  in  Puget  Sound 
history,  biology,  chemistry,  and  physical  oceanography. 

The  bibliographic  entries  were  surveyed  for  information 
concerning  the  ZSFs.  Screening  of  these  sources  was  aided  by 
discussions  with  many  individuals.  They  suggested  other 
published  sources,  as  well  as  unpublished  data  and  draft  reports, 
which  might  be  applicable  to  the  ZSFs.  A  summary  of  the  review 
findings  is  given  by  Cooper  Consultants  (1986).  In  addition. 
Exhibit  C  describes  investigations  of  significant  historical 
properties. 

2.4  ZSF  Field  Studies 


Though  initial  overlay  mapping  identified  locations  of  ZSFs, 
this  mapping  and  literature  review  revealed  several  key 
information  gape  for  these  areas.  In  order  to  define 
characteristics  of  potential  disposal  sites  within  those  ZSFs, 
PSDDA  undertook  a  series  of  field  studies,  Including  side  scan 
sonar,  chemical  and  biological  studies. 

Data  collection  activities  were  focused  on  those  areas 
where  Information  was  lacking.  Review  of  the  mapping  data  and 
priority  1  ZSF  selection  indicates  that  little  or  no  conflict 
with  human,  shoreline  and  shallow  water  uses  and  values  would 
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occur.  However,  the  mm  review  highlighted  the  leek  of  physical 
and  biological  data  for  all  of  the  priority  1  ZSFs.  Therefore, 
studies  focused  on  two  critical  issues: 


First,  what  Is  the  da positional/ eroalcnal  (non dispersive/ 
dispersive)  nature  of  areas  within  each  ZSF?  Can  acceptable 
nondisperslve  sites  be  Identified? 

And  second,  what  Is  the  value  of  the  priority  1  ZSFs  to 
biological  resources  of  concern  (i.e.,  crab,  bottoaflsh  and 
shrimp).  The  focus  was  placed  on  species  which  would  be  in 
direct  contact  with  the  dredged  naterlal  on  the  sea  floor. 

Cl)  Survey  of  Botton  Conditions.  A  submersible  renote 
operational  vehicle,  naned  MANTA,  collected  physical 
botton  data  with  a  sidescan  sonar,  and  attempted  to 
obtain  data  on  biological  resources  through  use  of  a 
video  camera  and  35  allllneter  stereo  still  cameras. 
This  survey  unfortunately  was  undertaken  immediately 
following  a  large  storm  event  in  November  of  1985. 
lbrbidlty  in  all  deep  Central  Puget  Sound  water  at  this 
time  was  eztenely  high.  Still  photographs  and  video 
efforts  were  of  little  use.  However,  the  sidescan 
sonar  effectively  characterized  bottom  contours  and 
identified  larger  features  on  the  bottom. 

(2)  Remote  Ecological  Monitoring  of  the  Seafloor  (ROOTS) 
Survey.  The  REMOTS  device  allows  sediment  profile 
imagery  of  photographs  of  the  upper  20  centimeters  (7.9 
inches)  of  the  seafloor  bottom  sediments.  Van  veen 
grab  samples  were  collected  and  archived  for  potential 
ground  truth ing  of  the  ROIOTS  observations.  Computer 
imaging  analysis  of  RBfOTS  photographs  provided 
information  on  physical  and  biological  (infaunal 
benthos)  characteristics.  The  ROOTS  survey  described 
benthic  habitat  boundaries  and  identified  general  areas 
that  were  de positional  in  nature. 

(3)  De positional  Analysis  of  the  Sediments.  The  objective 
of  the  de positional  analysis  was  to  locate  areas  within 
the  ZSF  where  sediments  tend  to  deposit  rather  than 
erode.  Previous  work  by  Word  et  al.  (1984a)  indicated 
that  sediments  within  Puget  Sound  tend  to  accumulate 
where  existing  sediments  meet  the  following  four 
conditions  when  compared  to  sediments  at  similar 
depths:  (1)  small  grain  size;  (2)  statistically 
elevated  volatile  solids;  (3)  statistically  elevated 
water  content;  and  (4)  statistically  elevated 
biochemical  oxygen  demand.  Over  200  stations  were 
occupied  to  collect  sediment  samples  for  this 
technique.  Study  results  were  used  to  identify  areas 
that  were  most  non-dlspers ive  within  each  ZSF,  and 
Section  II. 5  of  this  Appendix  describes  the  methods  and 
results  of  this  study  for  each  ZSF. 
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(4)  Current  Velocity  Studies.  Current  strengths  at  each 

ZSF  were  determined  by  a  combination  of:  (1)  review  of 
historical  field  data  (Including  current  meter  work 
undertaken  by  PSDDA  and  the  Navy  In  Port  Gardner),  (2) 
predicted  current  velocities  from  a  mathematical  model, 
(3)  predicted  current  velocities  from  a  physical 
hydraulic  model,  and  (4)  current  meter  moorings  placed 
by  PSDDA  at  the  existing  disposal  sites  In  Elliott  Bay 
and  Port  Gardner. 

Based  on  these  analyses,  predicted  current  velocities  were 
identified  and  mapped.  Results  Indicate  that  all  of  the  priority 
1  ZSFs  and  the  Saratoga  Passage  priority  2  ZSF  are  in  relatively 
low  current  velocity  areas.  Material  deposited  at  sites  in  these 
ZSfb  Is  not  expected  to  significantly  move  offsite. 
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TABLE  II. 2 

Location 


Saratoga  Passage 
Port  Gardner 
ELllott  Bay 


2  PSDDA  DISPOSAL  SITE  LOCATION  COORDINATES 

PHASE  I 
JANUARY  1987 


Preferred 

latitude  Longitude 


Alternate 

latitude  Longitude 


None  48°N  5.43’  122°W  27.35’ 

47°N  58.86’  122°W  16.67*  47°N  58.26’  122?W  15.55' 
47°N  36.03’  122®W  21.34*  47°N  37.09’  122®W  24.85' 


Coaaenceaent  Bay  47°N  18.22'  122°W  27.84'  4/,N  18.72*  122?W  27.95* 


Figure  II.2-1A  Locations  of  the  priority  (1)  ZSFs,  priority  (2) 
ZSFs,  and  the  existing  disposal  sites  in  the 
northern  portion  of  PSDDA  Phase  1  area 
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Priority  1  ZSF 
H3  Priority  2  ZSF 
•  Existing  Disposal  Sits 


3, 


PRELIMINARY  DISPOSAL  SITE  IDENTIFICATION 


Using  Information  obtained  via  ZSF  identification  and  field 
studies,  preliminary  disposal  site  locations  within  the  ZSF  were 
Identified.  TWo  factors  were  emphasised  in  locating  the  disposal 
sites:  (1)  a  low  abundance  of  commercially  Important  animals 
(1.0.,  small  numbers  of  crab,  shrimp,  and  bottomfish);  and  (2) 
the  presence  of  a  relatively  nondlsperslve  area  (i.e.,  sediment 
and  current  characteristics  Indicating  that  sediments  would  stay 
at  the  disposal  site). 


3.1  Selection  Process 


lb  evaluate  the  prime  criteria  a  selection  process  was 
undertaken  In  the  three  steps  outlined  below. 

(1)  Sire  of  the  Disposal  Site.  The  size  of  the  disposal 
site  was  related  to  the  bottom  physical  Impact  that 
would  result  from  repeated  dumps  within  an  1800  foot 
diameter  disposal  zone.  The  impact  area  was  evaluted 
using  a  numerical  model  and  field  data.  Using  Puget 
Sound  data,  the  Corps  Waterways  Experiment  Station  in 
Vicksburg,  Mississippi,  performed  a  simulation  study 
depicting  dredged  material  dlaposal  in  an  unconfined 
open  water  environment.  The  model  simulated  the 
passage  of  dredged  material  through  the  water  column 
for  varying  water  depths,  current  speeds,  and  sediment 
types  to  predict  the  behavior  of  material  during  future 
disposal  operations.  The  simulated  conditions  were 
representative  of  those  In  Puget  Sound  -  sediment  types 
that  are  routinely  dredged  and  disposed  of  were 
simulated;  depths  ranged  from  100-800  feet;  and  tidal 
currents  ranged  from  zero  to  two  knots  (3.38  feet  per 
second).  See  Figure  II. 3-1  for  typical  site  parameters. 

(2)  Biological  Resources.  The  biological  resources  within 
each  ZSF  were  mapped  using  a  number  of  approaches.  In 
the  fall  of  1985  an  attempt  was  made  to  photograph  the 
bottom  sediments  In  four  of  the  ZSFs  (not  Commencement 
Bay)  using  a  towed  video  system  called  MANTA. 
Ohfortuaately  no  visible  results  were  gained  because  of 
poor  visibility 

Additionally,  vertical  sections  of  the  upper  0-16 
centimeters  (0-6.3  Inches)  of  the  bottom  sediments  were 
photographed  using  the  REM0TS  system  (see  Cooper 
Consultants,  1986).  The  REM0TS  system  can  detect 
sediment  thicknesses  up  to  approximately  18  centimeters 
(7  inches)  deep,  which  Is  limited  by  the  prism  window 
height.  Because  the  RJWOTS  images  In  Puget  Sound  have 
not  been  compared  with  conventional  taxonomic 
Identifications  there  were  some  differences  amongst 
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experts  regarding  the  biological  interpretation 
(audelasts  and  biological  community)  of  the  RB10TS 
photographs.  However,  coa par Isons  between  RB40TS  and 
conventional  quantitative  benthic  co— unity  analyses  in 
Long  Island  Sound  and  in  the  Chesapeake  Bay  have  shown 
generally  dose  agreement  in  interpretation  between  the 
two  techniques.  A  recent  study  (Lun* ,  1986)  con  paring 
RBtOTS  and  Benthic  Resources  Assessment  Technique 
(BRAT)  off  the  coast  of  Massachusetts  in  300  feet  of 
water  showed  very  close  agreement  in  biological 
interpretation.  Lastly  the  BRAT  boxcore  data  collected 
in  Puget  Sound  agree  with  the  general  community  type 
assessments  accomplished  with  the  REMOTS  Imagery. 

PSDDA  chose  tentative  sites  based  on  available 
information  concerning  the  strength  of  the  tidal 
currents,  and  REMOTS  data,  along  with  the  de positional 
analysis  to  plan  sampling  station  strategy  for  BRAT 
field  studies  and  REMOTS  data  was  used  to  describe 
sites  in  the  EIS. 

After  these  selections  were  made,  site  specific 
studies  were  conducted  including  trawls  for  the 
presence  of  crab,  shrimp,  and  bottomflsh,  and  boxcore 
sampling  was  used  to  quantify  and  assess  the  bottomflsh 
food  habitat  values  with  the  Benthic  Resources 
Assessment  Technique  (BRAT). 

(3)  Mon-Dispersive  Probability.  The  likelihood  that 

dredged  material  would  remain  within  the  disposal 

site  was  evaluated  uaing  a  number  of  approaches. 

First,  the  maximum  currents  within  each  ZSF  were 
mapped  using  historical  data,  and  some  data  recently 
acquired  by  the  Corps  and  the  U.S.  Navy  using  current 
meters.  These  results  were  compared  with  speeds  that 
were  observed  during  special  field  studies  in  Dana 
Passage  (Sternberg  and  Coll las,  1973)  to  mobilise  and 
transport  sediment.  At  speeds  above  approximately  0.3 
knot  dredged  material  was  observed  to  be  resuspended 
and  transported.  Because  of  the  sparsity  of  historical 
data,  a  two-dimensional  numeric  model  was  calibrated 
for  Puget  Sound  by  the  Corps  Waterways  Experiment 
Station.  Modeling  results  allowed  some  interpolation 
between  more  widely  spaced  field  data. 

Second,  four  sediment  characteristics  within  the 
ZSPs  were  napped  (grain  size ,  sediaer.t  biochemical 
oxygen  demand,  percent  moisture,  and  percent  volatile 
solids)  uaing  a  technique  called  "depositional 
analysis'*  (Striplln  et  al.,  1987).  An  area  was 
classified  as  non-dlsperslve  or  "depositional''  in 
character  if  its  sediments  had  the  following 
characteristics:  small  grain  size;  high  oxygen  demand; 
high  percent  water;  and  high  volatile  solids. 
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Thirdly ,  the  fate  of  resuspended  Materials  was 
evaluted  within  the  ZSFs  to  avoid  la  pacts  downs  treats  on 
sensitive  habitats. 

Maps  developed  from  these  de  ternlnations  were  overlayed  to 
Identify  disposal  sites  that  best  satisfied  the  desired  site 
conditions. 


3.2  Preliminary  Sites 


Preliminary  sites  were  identifed  in  all  the  priority  1 
ZSFs.  As  a  result*  two  sites  were  specified  in  Port  Gardner, 
(Fig.  II. 3- 2),  two  sites  in  Elliott  Bay  (Fig.  II. 3-3),  and  two 
sites  in  Commencement  Bay  (Fig.  11.3*4).  Additionally,  a  site 
was  also  identified  in  the  Saratoga  Passage  priority  2  ZSF  (Fig. 
II. 3-5).  Though  only  one  site  will  be  selected  for  each  of  the 
three  areas,  the  extra  sites  serve  as  alternatives  and  backups 
should  site  studies  indicate  a  problem  with  one  of  the  sites. 
Detailed  descriptions  of  site  selection  process  are  described 
later  in  this  Appendix  for  each  site.  Preferred  and  alternative 
sites  in  the  Coaaenceaent  Bay  ZSF  were  identified  based  on 
results  of  ZSF  snd  site-specific  studies. 


3.3  Site  Specific  Held  Studies 


Additional  studies  were  conducted  for  the  preliminary  sites 
to  define  the  size  of  the  bottoa  Impact  area  and  to  refine  site 
location  relative  to  food  web  values  of  these  areas. 


(1)  numerical  Duap  Model.  To  assist  in  establishing  the 
sis*  and  location  of  the  disposal  sites,  a  numerical 
model,  originally  developed  for  EPA,  and  later  refined 
by  the  Corps'  Waterways  Experiment  Station,  was  used  to 
estimate  the  de positional  pattern  caused  by  the 
disposal  of  a  single  bargeload  of  dredged  material. 

The  model  was  run  for  two  types  of  dredged  material  at 
several  depths  and  current  speeds.  Results  from  this 
model  were  combined  with  an  estimate  of  the  surface 
disposal  some  diameter  to  provide  an  initial  assessment 
of  the  sediment  deposition  pattern  that  might  be  caused 
by  repeated  disposals  within  a  site.  The  model  results 
indicate  that  the  impact  of  any  one  barge  load  (1,500 
c.y.)  of  material  is  confined  to  a  relatively  small 
area.  In  400  feet  of  water  the  descending  cloud  is 
approximately  250  feet  in  diameter  when  it  hits  the 
bottom,  occurring  30  seconds  after  disposal  is 
initiated.  The  collapsing  cloud  then  spreads  out  in 
all  directions.  Ten  minutes  later  essentially  all  of 
the  material  is  deposited  on  the  bottom  within  a 
1,000-foot  radius  of  the  drop  point.  The  thickness  of 
the  deposited  material  varies  from  about  0.3  inches  at 
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the  center  of  the  dlepoeel  sound  to  0.04  inches  at  the 
edge.  These  results  assuae  a  worst-case  spread  of  a 
completely  slurried  load.  Dredged  aaterial  with 
cohesive  dump*  would  not  spread  as  far  or  as  thinly. 
The  final  size,  orientation,  and  configuration  of  the 
disposal  sites  are  not  significantly  affected  by  the 
materials  deposited  from  any  single  barge  disposal,  but 
are  governed  by  the  total  amount  of  aaterial  being 
deposited,  sediaent  bulking  factors,  stable  side  slope 
characteristics  of  the  sedlaents,  existing  bottoa 
topography  and  conaolldatlon  characteristics  of  both 
the  bed  and  dredged  aaterial.  These  aodel  studies  were 
used  to  define  the  bottoa  la pact  area,  described  below, 
for  each  of  the  sites. 


(2)  Crab,  Shrlap,  and  Bottoafiah  Trawling  Studies.  The 
distribution  and  relative  abundance  of  important 
commercial  Dungeness  crab,  shrlap,  and  bottoafish 
resources  were  mapped  In  and  around  all  priority  1  ZSFa 
froa  data  obtained  during  seasonal  sampling  cruises. 

The  objective  was  to  evaluate  the  Importance  of  the 
ZSFs  in  general  to  these  Important  commercial  natural 
resources,  and  to  minimize  Impacts  as  much  as  possible 
as  part  of  the  site  selection  process  by  helping  to 
identify  areas  of  lowest  habitat  value. 

Results  Indicated  disposal  sites  can  be  located 
within  the  priority  1  ZSF  yet  avoid  significant 
conflict  with  each  of  these  resources. 

(3)  Food  Web  Study.  Benthic  resources  within  and  adjacent 
to  each  of  the  preliminary  disposal  sites  under 
consideration  were  evaluated  in  terms  of  their  food 
support  potential  to  bottoafish  resources.  A  procedure 
called  the  Benthic  Resources  Assessment  Technique 
(BRAT)  developed  by  the  U.S.  Army  Waterways  Experiment 
Station  (Lunz  and  Kendall,  1982),  was  used  to  quantify 
the  food  value  of  bottom-dwelling  organisms  within 
soft-bottom  habitats  to  bottom-feeding  fishes.  The 
BRAT  estimates  which  organises  at  a  given  site  are  both 
vulnerable  and  available  to  selected  fish  species. 

Different  species  of  bottom-feeding  fishes  can 
detect,  capture,  and  Ingest  only  a  portion  of  the 
available  benthos.  They  will  consume  different  prey  at 
different  locations  and  seasons,  reflecting  the 
availability  of  vulnerable  prey.  In  the  BRAT, 
vulnerability  is  taken  to  be  a  function  of  the  size  of 
the  benthic  food  ltea,  and  availability  of  the  prey's 
location  below  the  sedlaent-water  Interface.  Both 
factors  arc  estimated  from  an  exaalnatlon  of  the  diets 
of  target  predatory  fish,  and  confirmed  by  a  parallel 
examination  of  vulnerable  and  available  prey  In  the 
local  benthic  environment.  Food  web  linkages  between 
benthic  organisms,  key  fish  and  shellfish,  and 


ultimately  humane  vie  commercial  and  recreational 
fisheries  offers  resource  managers  a  my  of  assigning 
comparative  resource  values  to  alternative  disposal 
sites.  Section  11.9  of  this  Appendix  contains  a 
complete  description  of  the  methods  and  results  of  this 
procedure. 

As  with  the  trawling  studies,  BRAT  confirmed  that 
resource  values  at  the  potential  disposal  sites  within 
the  priority  1  ZSFs  and  at  the  Saratoga  Passage 
Priority  2  ZSP  were  generally  equal  to  or  lower  than 
surrounding  areas.  Consequently,  adjustments  to  site 
locations  were  not  considered  necessary. 


Figure  II. 3-2  Port  Gardner  2SF  with  existing  disposal 
(Source:  Corps) 


igure  11.3  3  Elliott  Bay  ZSF'c  with  existing  disposal  site 
(Source:  Corps) 
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Figure  11.3-5  Saratoga  Passage  ZSP.  (Source:  Corps) 
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4.  BEGINNING  THE  SEARCH  FOR  DISPOSAL  ZONES  WITHIN  THE  ZSFs: 
SIZE  ESTIMATES  FROM  THE  NUMHLICAL  DREDGED  MATERIAL 
DISPOSAL  MODEL 


To  assist  in  establishing  the  appropriate  size  and  location 
of  a  dredged  material  disposal  zone  within  a  ZSF,  the  numerical 
dredged  material  disposal  model  developed  by  the  Corps  Waterways 
Experiment  Station  (Trawle  and  Johnson,  1986)  was  used  to 
estimate  the  de positional  pattern  caused  by  the  disposal  of  a 
single  barge  load  of  dredged  material  of  varying  composition  at 
selected  depths  and  current  speeds.  These  estimates,  combined 
with  an  estimate  of  the  target  (drop)  zone  diameter,  provided  an 
Initial  assessment  of  the  sediment  pattern  that  might  be  caused 
by  repeated  disposal  operations  within  a  ZSF.  The  final  size, 
orientation,  and  configuration  of  the  disposal  site  were  based  on 
the  results  of  the  disposal  model  with  those  of  de positional 
analysis,  current  characteristics,  and  bottom  topography.  Hie 
initial  estimates  of  disposal  zone  size  were  also  used  to 
determine  the  regional  sampling  plans  for  mapping  biological 
resources . 


4.1  Characteristics  of  Dredged  Material 


The  numerical  dredged  material  disposal  model  requires  as 
Input  the  characteristics  of  the  material  to  be  dredged.  As  a 
guide  to  the  characteristics  of  future  dredging  activities, 
sediment  records  from  past  dredging  work  were  reviewed. 

The  available  Corps  records  Indicate  the  various  types  of 
sediment  that  have  been  previously  dredged.  The  following 
records  were  reviewed:  for  the  Port  Gardner  ZSF,  five  samples 
taken  from  Everett  Harbor  (Corps  records  designated  NPDEJJ-GS-L, 
74-5-5 9Q) ;  for  the  Elliott  Bay  ZSF,  34  samples  taken  In  the 
IXi varnish  Waterway  (Sin-Lam  Chan,  et  al.,  1986);  and  for  the 
Commencement  Bay  ZSF,  six  samples  taken  from  the  Hylebos  Waterway 
(COE  records  designated  NFDEN-GS-L,  78-S-4) .  Table  11.4-1  lists 
the  percentages  of  nine  sediment  types  according  to  the  Wentworth 
size  classification.  Shown  are  both  the  range  of  the  percentages 
as  well  as  the  mean  percentage  for  the  samples  taken  In  each 
area.  The  percentage  ranges  Indicate  great  variability. 

Consider,  for  Instance,  that  the  percentage  of  medium  sand  varies 
between  4-63. 5Z  in  Everett  Harbor,  2-44. 6Z  in  the  Duwamish 
Waterway,  and  1-30 .5Z  In  Hylebos  Waterway.  The  ranges  for  medium 
silt  and  clay  percentages  vary  between  0-28X  in  Everett  Harbor, 
3.1-76.5X  in  Duwamish  Waterway,  and  19.0-73.0Z  in  Hylebos 
Waterway. 

Despite  the  great  variability,  the  mean  values  suggest  that 
there  are  some  differences  between  materials  that  will  be 
deposited  In  the  ZSFs.  In  Everett  Harbor  the  most  common 
sediment  type  is  medium  sand  (37. 2Z);  whereas  In  the  Duwamish 
and  Hylebos  Waterways  it  Is  medium  silt  and  clay  (37. 9Z  and 


43.32,  respectively).  It  appears  that  future  disposal  operations 
will  deal  with  a  wide  range  of  sediment  types.  If  these  past 
records  are  a  guide  then  sand  will  be  primarily  deposited  In  Port 
Gardner,  and  finer  sedlaents  will  be  deposited 
In  Elliott  and  Commencement  Bays. 


4.2  Numerical  Dredged  Material  Disposal  Model 


4.2.1  Objective — 


The  objective  of  the  dredged  naterlal  disposal  no deling 
effort  was  to  predict  the  short  tera  fate  of  aaterial  which  aay 
be  dredged  and  disposed  of  in  the  Phase  I  area.  The  potential 
open  water  sites  within  the  Priority  1  ZSFa  are  located  in  water 
depths  ranging  froa  200  to  600  feet.  A  preliminary  scan  of  the 
data  base  showed  that  tidal  currents  range  froa  still  water  to 
speeds  as  great  as  two  knots  (3.4  feet  per  second)  in  the  ZSFs 
(Priority  1  and  2). 


4. 2. 2  Approach — 


The  nuaerlcal  dredged  aaterial  disposal  model  known  as  DIFID 
(Disposal  froa  an  Instantaneous  IXaip;  Trawle  and  Johnson,  1986) 
was  used  to  slaulate  the  barge  disposal  of  dredged  aaterial.  The 
model  predicted  the  pattern  of  disposed  aaterial  on  the  bottom 
for  each  of  a  number  of  test  conditions. 


4.2.3  Description  of  the  Nuaerlcal  Model,  DIFID — 


DIFID  was  developed  by  Brandsma  and  Dlvoky  (1976)  for  the 
COE  Waterways  Experiment  Station  under  the  Dredged  Material 
Research  Prograa.  The  original  basis  for  the  model  was  provided 
during  earlier  development  by  Koh  and  Chang  (1973)  for  the  EPA. 
Modifications  to  the  original  model  have  been  made  by  Johnson  and 
Holliday  (1978)  and  Johnson  (In  preparation).  Calibrations  by 
Johnson  and  Holliday  (1978)  utilising  data  collected  by 
Bokunlewlcs  et  al.  (1978)  have  been  conducted  for  disposal 
operations  at  the  ZSF  In  inner  Elliott  Bay.  The  calibration 
results  were  used  to  select  model  coefficients  within  DIFID. 

EPA  Is  currently  conducting  a  state-of-the-art  review  of 
available  models  for  evaluating  the  initial  mixing  of  wastes 
discharged  In  the  ocean  environment.  This  review  had  determined 
that  the  Koh-Chang  model  was  the  only  model  which  accounted  for 
configuration  and  movement  of  the  disposal  vessel  (wake 
turbulence),  and  strongly  suggests  that  the  Koh-Chang  model  Is 
certainly  a  valid  model  If  not  the  most  valid  model  currently 
available  for  these  disposal  evaluations. 
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The  nodel  requires  chat  the  dredged  material  be  broken  into 
various  solid  fractions  with  a  settling  velocity  specified  for 
each  fraction.  In  many  cases,  a  significant  portion  of  the 
material  falls  as  clumps  that  may  have  a  settling  velocity  of  one 
to  five  feet  per  second.  This  is  especially  true  in  Puget  Sound, 
where  much  of  the  dredging  is  done  by  clamshell,  and  it  can  be 
true  in  the  case  of  hydraulically  dredged  material  if 
consolidation  takes  place  in  the  hopper  barge  during  transit  to 
the  disposal  site.  However,  to  determine  the  maximum  extent  of 
dispersion  from  a  disposal  operation,  all  of  the  model  tests 
assumed  that  the  dredged  material  was  a  slurry  of  uniform  density. 

The  behavior  of  the  disposed  material  was  assumed  to  be 
separated  into  three  phases:  1)  convective  descent,  during  which 
the  discharge  falls  under  the  Influence  of  gravity;  2)  dynamic 
collapse,  occurring  when  the  descending  material  Impacts  the 
bottom;  and  3)  long-term  passive  dispersion,  conmienclng  when  the 
material  transport  and  spreading  area  are  determined  more  by 
ambient  currents  and  turbulence  than  by  the  dynamics  of  the 
disposal  operation.  Figure  II. 4-1  illustrates  these  phases. 

During  convective  descent,  the  dumped  material  falls  as  a 
unit  and  it's  volume  grows  by  entrainment  of  surrounding  water. 
Individual  particle  settling  rate  is  not  a  factor  during 
convective  descent.  The  vertical  motion  is  arrested  and  a 
dynamic  spreading  or  collapse  in  the  horizontal  direction  occurs 
when  the  material  either  reaches  the  bottom  or  a  neutrally 
buoyant  position  in  the  water  column.  In  100  feet  of  water,  the 
convective  descent  phase  for  typical  maintenance  dredged  material 
is  completed  in  a  few  seconds,  and  in  800  feet  the  convective 
descent  lasts  about  two  minutes. 

The  model  assumes  that  none  of  the  dredged  material  is  lost 
to  the  surrounding  water  during  the  descent  to  the  bottom.  later 
in  this  appendix  it  will  be  shown  that  several  percent  of  the 
disposal  material  may  remain  suspended  in  the  water  column  for  a 
period  of  time.  However,  the  model  was  not  sufficiently 
sensitive  to  account  for  this  small  loss.  This  small  effect  was 
Judged  not  to  affect  the  dimensions  of  the  lateral  spread  of 
dredged  material  on  the  bottom. 

The  model  assumes  that  the  collapsing  cloud  in  the  water 
column  is  an  oblate  spheroid.  During  collapse  on  the  bottom, 
the  cloud  takes  the  shape  of  a  general  ellipsoid,  and  a 
frictional  force  between  the  bottom  and  the  collapsing  cloud  is 
Included.  When  the  rate  of  horizontal  spreading  or  vertical 
collapse  in  the  dynamic  collapse  phase  becomes  less  than  an 
estimated  rate  of  change  due  to  turbulent  diffusion,  the 
collapse  phase  is  terminated,  and  the  long-term  transport- 
diffusion  begins.  During  collapse,  solid  particles  settle  at 
their  specified  settling  rate.  As  these  particles  leave  the  main 
body  of  material,  they  are  stored  in  small  clouds  that  are 
assumed  to  have  a  Gaussian  (or  normal)  distribution.  The  small 
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clouds  are  Chen  advected  horizontally  by  Che  aodel  imposed 
current  field.  In  addition ,  the  clouds  grow  both  horizontally 
and  vertically  as  a  result  of  turbulent  diffusion.  Since 
settling  of  the  suspended  solids  occurs  at  each  grid  point,  the 
aaount  of  solid  aaterial  deposited  on  the  bottoa  and  a 
corresponding  thickness  are  date rained. 


4.2.4  Required  Input  Date — 


The  Input  data  required  for  DIFID  falls  Into  four  groups: 
(l)a  description  of  the  ambient  environment  at  the  disposal 
site;  (2)  characterization  of  the  dredged  aaterial;  (3)  data 
describing  the  disposal  operation;  and  (4)  model  coefficients. 

The  first  task  was  that  of  constructing  a  horizontal  grid 
over  the  disposal  site.  The  aodel  grid  used  for  PSDDA  Is  shown 
In  Figure  II. 4-2.  The  aablent  conditions  imposed  on  the  grid 
model  for  these  tests  were  represented  by  a  constant  water  depth, 
a  constant  current  velocity,  and  a  single  water  density  profile. 

The  dredged  aaterial  for  these  tests  was  characterized  by 
two  solid  fractions.  For  each  solid  fraction  the  following 
information  was  specified  baaed  on  Corps  experience  in  Puget 
Sound:  concentration  by  volume;  density;  fall  velocity;  voids 
ratio;  and  an  Indicator  as  to  whether  or  not  the  fraction  was 
cohesive.  In  addition,  the  bulk  density  and  aggregate  voids 
ratio  of  the  material  were  prescribed.  The  bulk  density  Is  the 
density  of  the  slurry  In  the  barge.  The  aggregate  voids  ratio  is 
a  bulking  factor  used  to  convert  the  aass  of  deposited  aaterial 
Into  a  thickness  of  deposition. 

Disposal  operations  data  required  for  DIFID  Included  the 
position  of  the  barge,  the  voluae  of  dumped  aaterial,  and  the 
loaded  and  unloaded  draft  of  the  disposal  vessel. 

There  are  fourteen  aodel  coefficients  In  DIFID.  These 
coefficients  pertain  to  entrainment,  drag,  and  turbulent 
dispersion.  Computer  experimentation  has  shown  that  the  results 
are  Insensitive  to  aany  of  the  coefficients  (Johnson  and 
Holliday,  1978).  The  aost  Important  coefficients  are  drag 
coefficients  In  the  convective  descent  and  collapse  phases  as 
well  as  coefficients  governing  the  entralnaent  of  aablent  water 
Into  the  dredged  aaterial  cloud.  The  values  selected  for  the 
convective  descent  entralnaent  and  drag  coefficients  In  this 
study  were  based  upon  experimental  work  done  for  the  EPA  by 
Bowers  and  Goldenblatt  (1978).  A  detailed  description  of  the 
theoretical  aspects  of  DIFID  is  given  by  Brandsoa  and  Dlvoky 
(1976). 
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4.2.5  Test  Conditions — 


The  test  conditions  Included  water  depth,  aabient  current, 
material  dumped,  and  barge  bulk  density.  The  conditions  used  in 
each  of  the  tests  are  shown  in  Table  II. 4-2.  The  remainder  of 
the  required  model  input  for  each  series  is  shown  in  Table  II. 4- 
3.  See  Trawle  and  Johnson  (1986)  for  a  description  of  the  model 
coefficients  used  in  this  study.  The  model  grid  used  for  all 
tests  is  shown  in  Figure  II. 4-2,  which  represented  an  area  within 
a  square  boundary  measuring  12,000  by  12,000  feet.  Each  grid 
cell  represented  an  area  of  400  by  400  feet.  To  be 
representative  of  a  typical  disposal  operation  in  Puget  Sound, 
the  volume  used  in  all  simulations  was  1,500  cubic  yards. 

The  duration  of  each  test  simulation  generally  lasted  one 
hour  after  the  barge  dump.  In  the  tests  with  high  aabient 
current  speeds  (3.38  feet  per  second),  dumped  material  remained 
in  suspension  and  reached  the  12,000  foot  boundaries  within  one 
hour  thereby  automatically  ending  the  simulation. 

The  deposition  of  material  predicted  by  the  model  is 
converted  to  thickness  of  deposition  by  the  use  of  an  aggregate 
voids  ratio.  The  conversion  from  solids  volume  deposited  to 
thickness  of  deposition  is  that  of  Brands ma  and  Dlvoky  (1976). 

The  dumping  of  two  types  of  material  was  simulated  by  the 
model  in  these  tests.  These  were  chosen  to  represent  the  most 
dispersive  materials  dumped  into  Puget  Sound.  The  primary 
material  tested  consisted  of  25  percent  fine  sand  and  75  percent 
clay/ silt.  The  clay/silt  fraction  was  modeled  both  as  cohesive 
and  noncoheslve  material.  The  second  material  consisted  of  50 
percent  fine  sand  and  50  percent  medium  sand  with  no  clay/silt. 


4.2.6  Test  Results 


Results  from  the  model  tests  are  shown  as  deposition 
patterns  in  Figures  II. 4-3  -  II.4-7b.  These  deposition  patterns 
show  the  predicted  extent  and  thickness  of  material  deposited 
from  a  single  disposal  operation. 

The  material  simulated  in  Tests  1-15  represents  a  typical 
maintenance  material  in  Puget  Sound  consisting  of  25  percent  fine 
sand  and  75  percent  clay/silt.  In  these  tests,  the  clay/silt 
fraction  was  treated  as  a  cohesive  material  and  allowed  to 
aggregate  thus  yielding  settling  rates  which  are  significantly 
greater  than  the  individual  particle  settling  rate.  For  fine¬ 
grained  silts  and  clays,  it  is  reasonable  to  assume  that  particle 
aggregation  will  occur  as  the  material  settles,  resulting  in 
accelerated  settling  rate.  The  aggregate  settling  rate  for  the 
clay/silt  fraction  is  determined  in  the  model  by  the  equations  of 
Johnson  and  Holliday  (1978). 
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For  Tests  1  through  12,  In  depths  of  water  ranging  froa  100 
to  600  feet,  all  of  the  dumped  Material  deposited  within  sixty 
■inutes.  For  Test  13,  in  800  feet  of  water  and  with  an  aabient 
current  speed  of  0.1  feet  per  second,  all  of  the  Material 
deposited  within  one  hour;  however,  for  Test  14,  in  800  feet  of 
water  and  a  current  speed  of  1.69  feet  per  second,  a  portion  of 
the  day/ silt  fraction  was  still  settling  after  one  hour.  For 
Test  15,  in  800  feet  of  water  and  a  current  speed  of  3.38  feet 
per  second,  the  duration  of  the  slaulatlon  was  Halted  to  30 
ainutes  at  which  tlae  a  portion  of  the  clay/ silt  fraction  was 
still  descending  downward. 

Tests  16-18  were  Identical  to  Tests  7-9  except  that  the 
day/ailt  fraction  was  not  allowed  to  aggregate;  therefore,  only 
particle  settling  velocities  were  used  in  the  aodel  computa¬ 
tions.  Coaparlson  of  Tests  7-9  to  Tests  16-18  deaonstrates  that 
the  deposition  pattern  is  auch  more  dispersed  if  aggregate 
settling  is  not  considered.  However,  tests  16-18  are  not 
considered  to  be  representative  of  anticipated  dredge  material 
(i.e.,  the  Material  will  aggregate). 

Test  19  la  identical  to  Test  18  except  that  the  barge  bulk 
density  was  increased  froa  1.35  to  1.48.  The  Impact  of  the 
Increased  bulk  density  with  regard  to  the  extent  of  the 
deposition  pattern  was  negligible  under  these  conditions. 

Test  20  used  a  Material  which  consisted  only  of  fine  and 
aedlua  sands  dumped  in  water  800  feet  deep  with  an  ambient 
current  of  1.69  feet  per  second.  Teat  21  was  identical  to  Test 
20  except  that  the  water  depth  was  100  feet. 


4.3  Preliminary  Disposal  Site  Dimensions 


The  existing  disposal  sites  shown  on  various  NOAA  charts  are 
circular  areas  measuring  1800  feet  in  diameter.  This  area 
circumscribes  the  DNR  prescribed  "disposal  zone"  for  a  disposal 
barge,  or  the  area  within  which  the  dredged  material  should  be 
released  at  the  water  surface.  To  evaluate  the  impact  of  dredged 
material  on  bottom  dwelling  animals,  it  was  necessary  to  define  a 
larger  zone  within  which  the  material  would  be  deposited,  based 
on  a  series  of  dumps,  as  shown  by  the  results  froa  the  numerical 
dredged  material  disposal  aodel.  To  plan  the  PSDDA  field 
studies,  preliminary  dimensions  were  chosen.  It  was  later 
modified  as  a  result  of  the  field  studies.  The  final  disposal 
zones  are  described  later  in  this  technical  appendix. 

The  PSDDA  disposal  site  consists  of  three  zones  labeled  A, 

B,  and  C  (Fig.  II.4-8).  Area  A  is  the  target  area,  and  Area  B 
is  the  disposal  zone.  The  disposal  barges  should  open  their 
hoppers  within  A,  but  allowing  for  some  error,  within  an  area  no 
larger  than  B.  The  target  area  A  and  disposal  zone  B  lie  within 
Area  C,  defined  as  the  disposal  site.  The  rectangle  clrcum- 
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scribes  the  horizontal  spread  over  a  period  of  repeated  dumps  of 
the  dredged  aaterlal  after  it  is  released  at  different  locations 
within  the  disposal  cone  during  both  flood  and  ebb  tides 
(assuming  a  current  speed  of  0.5  knot  or  0.85  feet  per  second). 

The  dynamics  of  individual  disposal  operations  were 
described  earlier  using  the  numerical  dredged  material  disposal 
model.  The  dimensions  of  the  dump  site  were  chosen  using  results 
corresponding  to  typical  water  depths  and  currents  envisioned  for 
the  disposal  sites.  The  choice  was  based  on  model  Test  No.  8  for 
400  feet  water  depth  and  a  0.5  knot  current  (0.85  feet  per 
second)  (Fig.  II.4-5a).  This  test  indicated  a  horizontal  spread 
of  approximately  1000  feet  downstream  from  the  dump  spot  and  600 
feet  to  either  side.  As  a  precaution  600  feet  and  1000  feet  were 
added  to  the  short  and  long  (tidal  current  direction)  axes 
dimensions,  respectively,  to  srrive  at  the  size  (3000  by  3800 
feet)  of  the  rectangle  shown  In  Figure  II. 4-8. 
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Table  11.4.1 


PERCENTAGES  OF  SEDIMENT  TYPES  IN  SEDIMENTS  PROM 
EVERETT  HARBOR,  DUWAMISH  WATERWAY,  AND  HYLEBOS 
WATERWAY . 


Sediment 

Type 


(1) 

Everett 

Harbor 

(5  samples) 
Range  (mean) 


(2) 

Duwamish 
Waterway 
(34  samples) 
Range  (mean) 


(3) 

Hylebos 
Waterway 
(6  samples) 
Range  ( mean ) 


Gravel 

Sand 

0-11.0 

(3.3) 

0. 2-8.0 

(3.2) 

0-3.0 

(0.5) 

Very  coarse 

0-16.0 

(7.5) 

0.3-4. 1 

(1.9) 

0-3.0 

(0.8) 

Coarse 

1.0-38.0 

(25.2) 

0.3-14.0 

(4.9) 

0-11.0 

(3.6) 

Medium 

4.0-63.5 

(37.2) 

2.0-44.6 

(19.7) 

1.0-30.5 

(10.8) 

Pine 

6.0-21.0 

(11.1) 

4.1-35.9 

(16.6) 

4.0-34.0 

(16.4) 

Very  fine 

0.5-32.5 

(7.4) 

4.0-22.1 

(12.2) 

6.5-22.0 

(13.5) 

Coarse  silt 

0-13.5 

(2.7) 

1.5-15.6 

(4.9) 

5.0-14.0 

(11.2) 

Medium  silt- 

clay 

0-28.0 

(5.6) 

3.1-76.5 

(37.9) 

19.0-73.0 

(43.3) 

Sources:  (1)  COE  Seattle  District  records  designated 

NPDEN-GS-L,  74-S-590. 


(2)  Sin-Lam  Chan  et  al . ,  1986. 


(3)  COE  Seattle  District  records  designated 
NPDEN-GS-L,  78-S-4  . 


TABLE  4.3  ADDITIONAL  MODEL  I.. 'PUT  INFORMATION  USED  IN  THE  21 
TEST  RUNS  OF  THE  NUMERICAL  DREDGED  DISPOSAL  MODEL. 


I 


Tests 

1-15 

Testa 

16-18 

Test 

19 

Test 

20-21 

Medium  sand  concentration 
by  volume  (cu  ft/cu  ft) 

— 

— 

— 

0.15 

Fine  sand  concentration 
by  volume  (cu  ft/cu  ft) 

0.09 

0.08 

0.07 

0.15 

Clay-silt  concentration 
by  volume  (cu/ft/cu  ft) 

0.16 

0.16 

0.22 

— 

Sand  density  (gm/cc) 

2.60 

2.60 

2.60 

2.60 

Slit-clay  density  (gm/cc) 

2.60 

2.60 

2.60 

— 

Fluid  density  (gm/cc) 

1.018 

1.018 

1.018 

1.018 

Medium  sand  fall  velocity  (fps) 

— 

— 

— 

0.03 

Fine  sand  fall  velocity  (fps) 

0.02 

0.02 

0.02 

0.02 

Clay-silt  fall  velocity  (fps) 

0.0013 

0.0013 

0.0013 

— 

Dredged  material  bulk  density 
(gm/cc) 

1.35 

1.35 

1.48 

1.48 

Aggregate  voids  ratio 

4.50 

4.50 

4.50 

4.50 

Cohesive  Aggregate  Option 
for  clay/sllt  f ration 

On 

Off 

Off 

Not 

Applicable 

CURRENT 

DIRECTION 

(I.NFN) 
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figure  11.4-4  Deposition  pattern  (in  thousandths  zf  z  f 
from  the  numerical  dredged  material  dispo: 
in  200  feet  of  water  for  various  current 
Circle  Indicates  dump  zone.  (Source:  ?r: 
Johnson,  1086}. 
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II.4-5a  Deposition  pattern  (in  thousandths  of  a  foot) 
from  the  numerical  dredged  material  disposal 
model  in  *00  feet  of  water  for  various  currenr 
speeds.  Circle  indicates  dump  zone.  (Source: 
Trawl e  and  Johnson.  1996) 
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Figure  II. 4-6  Deposition  pattern  (in  thousandths  cf  a  foot) 

from  the  numerical  dredged  material  disposal  mode 
in  600  feet  of  water  for  various  current  speeds. 
Circle  indicates  dump  zone.  (Source:  Trawle 
and  Johnson,  1966) 
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Figure  XI.4-7a  Deposition  pattern  (In  thousandths  of  a  foot) 
froa  the  numerical  dredged  aaterlal  disposal 
model  in  800  feet  of  water  for  various  current 
speeds.  Circle  indicates  duap  zone.  (Source: 
Trawle  and  Johnson,  1986) 


PRELIMINARY  DISPOSAL  SITE  DIMENSIONS 


Figure  II. 4-8  Preliminary  dimensions  of  the  PSDDA  disposal  site. 
(Source:  EHI) 
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5.  DEFOSITONAL  ANALYSIS  /SEDIMENT  CHARACTERIZATION 

S .1  Objective 


The  objective  was  to  locate  areas  within  the  ZSFs  where 
sediments  tend  to  deposit  rather  than  erode*  and  areas  that  were 
large  enough  to  encoapass  preliminary  disposal  sites.  These 
determinations  were  made  from  maps  of  sediment  characteristics. 


5.2  Background 


Previous  work  by  Word  et  al.  (1984a)  indicated  that 
sediments  in  Puget  Sound  tend  to  accumulate  where  existing 
sediments  meet  four  criteria  when  compared  to  sediments  at 
similar  depths:  1)  small  grain  size;  2)  statistically  elevated 
volatile  sollda;  3)  statistically  elevated  biochemical  oxygen 
demand;  and  4)  statistically  elevated  water  content.  During 
PS DBA  field  studies,  measurements  were  made  in  the  ZSFs  to 
evaluate  these  criteria. 


5.3  De positional  Analysis  Technique 


The  assessment  of  de  positional  potential  was  determined  from 
characteristics  of  the  sediments  in  the  ZSFs.  The  analysis 
presented  below  was  adapted  from  Strlplln  et  al.  (1987). 

The  deposltlonal  analysis  was  conducted  within  the  five 
ZSFs.  The  ZSFs  were  sampled  with  201  stations  as  follows:  1) 
Saratoga  Passage,  24  stations  on  24  April;  2)  Port  Gardner,  72 
stations  on  10,  11,  14  April;  3)  Elliott  Bay,  34  stations  on  9, 

10  April;  and  4)  Commencement  Bay,  61  stations  on  7,  8  April, 
1986. 


Subtldal  sediment  samples  were  collected  in  a  consistent, 
repeatable  manner  with  a  0.1  square  meter  modified  van  Veen  grab 
sampling  device.  Upon  collection  of  each  sample,  the  following 
physical  characteristics  of  the  sediment  were  described  and 
recorded:  sediment  texture  and  color;  strength  and  type  of 
odors;  sampler  penetration  depth;  degree  of  leakage  or  sediment 
surface  disturbance;  and  obvious  abnormalities,  e.g.,  wood  debris 
and  biological  structures.  Samples  which  showed  excessive 
disturbance  of  the  sediment  surface  were  rejected.  In  addition, 
sediment  samples  were  rejected  if  they  did  not  meet  certain 
minimum  penetration  depths.  Samples  were  taken  from  the  upper 
two  centimeters  of  the  sediments. 

Sediments  larger  than  62  microns  were  air  dried  and 
analyzed  by  dry  sieving  through  a  series  of  graded  sieves  using 
a  Braun  mechanical  shaker.  Sediments  finer  than  62  microns  were 
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analyzed  by  wet  pipetting  techniques.  Sediments  were  then 
classified  into  the  following  sice  categories:  cobble  (156-64 
millimeters) ,  gravel  (64-2  millimeters),  coarse  sand  (2-0.5 
millimeters),  fine  sand  (0.5-0.062  millimeters),  silt  (0.062- 
0.004  millimeters),  and  clay  (less  than  0.004  millimeters). 
Percent  volatile  solids  (ZVS)  were  determined  by  combustion  at 
550oC,  once  the  samples  were  completely  thawed  and  homogenized. 
The  5-day  biochemical  oxygen  demand  (BOD;  milligrams  of  oxygen 
used  per  kilogram  of  sediment,  dry  weight)  was  determined 
following  procedures  in  Standard  Methods  for  the  Examination  of 
Hater  and  Wastewater  (1985)  and  in  the  PSEP  protocols  manual, 
with  some  modifications  (see  Strlplln  et  al.,  1987).  The  percent 
water  was  determined  by  over  drying  a  weighed  aliquot  of 
homogenized  sediment,  and  weighed  again  for  computation  of 
percent  water. 

Hie  grain  size  numbers  which  are  contoured  are  arbitrary 
numbers  which  represent  the  sediment  types  shown  in  the  legend  of 
each  grain  size  map  (Strlplln  et  al.,  1987).  These  numbers  are 
not  related  to  phi  sizes  in  any  way. 

Sediment  grain  size  in  some  of  the  ZSFs  was  also  estimated 
using  the  REMOTS  system  (see  Cooper  Consultants,  1986).  Although 
this  method  allows  the  recognition  of  grain  sizes  greater  than  or 
equal  to  coarse  silt  (5  phi  size),  the  REMOTS  data  available  to 
PSDDA  were  not  resolved  finer  than  very  fine  sand  (4  phi  size). 

As  it  turns  out  later,  the  de positional  areas  are  characterized 
by  fine  silt  and  clay  type  sediments  (7-9  phi  size);  therefore, 
the  RDfOTS  technique  did  not  provide  sufficient  resolution  of 
small  grain  sizes  to  locate  the  deposltlonal  areas  within  the 
ZSFs. 


A  statistical  method  was  employed  to  determine  if  individual 
samples  indicated  a  station  to  be  more  deposltonal  in  nature  than 
other  stations  at  a  similar  depth.  The  mean,  standard  deviation, 
95X  confidence  interval  (95Z  Cl),  and  1.96  standard  normal 
deviate  (1.96  SND)  were  calculated  for  each  parameter  for  each 
depth  contour  using  data  from  all  201  stations  as  described  by 
Word  et  al.  (1984a, b).  Values  falling  beyond  the  1.96  SND  were 
considered  outliers.  They  were  temporarily  removed  from  the 
data,  and  the  computations  performed  again.  Removal  of  the 
outliers  decreased  the  varljmce  and  produced  more  realistic 
average  values  for  the  data.  Once  the  final  mean,  95Z  Cl  and 
1.96  SND  were  obtained  for  each  depth  contour,  the  observed 
values  (Including  outliers)  were  compared  to  the  values  at  each 
depth. 


The  data  from  each  region  were  examined  to  determine  which 
areas  exceeded  the  upper  bounds  for  ZVS,  BOD,  and  water  content. 

A  range  of  +1.96  standard  normal  deviate  was  chosen  for  the  upper 
bound  in  addition  to  the  95Z  confidence  interval  to  identify 
those  stations  which  departed  substantially  from  mean  values. 
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A  station  was  considered  de positional  if  the  percent 
volatile  solids  ,  BOD,  or  percent  water  exceeded  the  95Z 
confidence  Halt  for  the  depth  contour  on  which  the  station  was 
located.  In  addition,  the  sediaent  grain  else  Bust  have  a  mean 
size  of  7  (fine  silt),  8  (very  fine  silt),  or  9  (clay). 

The  data  obtained  froa  the  RB10TS  sys tea  in  soae  ZSFs  was 
also  used  to  estlaate  areas  that  were  de positional  or  eroslonal 
(Cooper  Consultants,  1986).  The  classification  depended  on  the 
characteristics  of  the  sedlaent-water  Interface  (e.g.,  aud  clasts 
and  snail  scale  bedforas).  These  features  aay  have  been 
associated  with  a  local  winter  atom  that  occurred  at  the  time  of 
the  REMOTS  surveys;  therefore,  the  eroslonal/ deposition  maps 
prepared  froa  REMOTS  data  aay  represent  a  short  tern  pattern. 

In  contrast  to  the  REMOTS  naps  which  represent  the  bedform 
patterns  at  the  sediaent  surface,  the  asps  prepared  froa 
conventional  techniques  were  derived  froa  the  upper  two 
centlaeters  of  sediaent.  As  sedlaents  deposit  naturally  at  the 
rate  of  0.5  -  2  centlaeters  per  year  (Lavelle  et  al.,  1986),  the 
depth  saapled  by  conventional  net hod 8  represents  approximately 
two  years  of  accuaulated  sediaent.  DSWG  relied  on  conventional 
sediaent  chemistry  to  locate  depositions!  sites  because  it 
represented  a  longer  period  of  sediaent  accumulation  than  did  the 
REMOTS  data. 


5.4  Distribution  in  the  ZSFs 


5.4.1  Saratoga  Passage — 


In  the  Saratoga  Passage  ZSF,  the  percent  volatile  solids 
ranged  froa  under  2Z  to  over  8Z  (Fig.  II. 5—1 ) .  Elevations  above 
the  952  a  were  found  at  moat  of  the  stations  within  the  ZSF,  and 
four  of  the  seven  stations  in  the  ZSF  were  elevated  above  the 
1.96  SND  interval  (Fig.  II.5-1). 

The  BOD  values  ranged  froa  under  300  to  over  1000  milligrams 
per  kilograa  of  dry  weight  (Fig.  II. 5-2).  The  highest  levels 
were  found  at  the  east  and  west  ends  of  the  ZSF.  Values  exceeded 
the  95Z  Q  at  the  west  end  and  at  four  stations  within  the  ZSF 
(Fig.  II. 5-2). 

Percent  water  values  showed  slallar  trends  as  those  seen  in 
the  ZVS  and  BOD  (Fig.  II. 5-3).  Elevations  beyond  the  95Z  Cl  were 
found  in  the  central  portion  of  the  ZSF  (Fig.  II. 5-3). 

The  aedlan  sediaent  grain  size  found  in  the  ZSF  was 
predoalnantly  medium  to  fine  silt  (Fig.  II. 5-4).  Stations  along 
the  aarglnc  of  Camano  and  Whidbey  Islands  had  sediments 
consisting  of  fine  sand.  The  percent  clay  in  the  ZSF  ranged  from 
approximately  10Z  to  over  15Z  (Fig.  II. 5-5). 
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5.4.2  Port  Gardne 


In  che  Port  Gardner  ZSF,  Che  percent  volatile  aolida 
concentrations  ranged  froa  under  2X  to  over  8Z  (Fig.  11.5-6). 
Elevations  above  the  95X  Cl  were  found  at  eost  of  the  stations  in 
the  ZSF  (Fig.  11.5-6).  Five  stations  along  the  northeast  margin 
of  the  ZSF  and  three  stations  near  the  entrance  to  the  Everett 
Marina  exceeded  the  1.96  SND. 

The  BOD  ranged  froa  200  north  of  Gedney  Island  to  1500  in 
Possession  Sound  (Fig.  II. 5-7).  Values  in  excess  of  the  95Z  Cl 
were  found  in  the  easternmost,  central,  and  western  portions  of 
the  ZSF  (Fig.  II. 5-7).  Stations  where  values  exceeded  the  1.96 
SND  were  found  at  the  entrance  to  Possession  Sound  and  at  two 
stations  on  the  eastern  margin  of  the  ZSF. 

The  percent  water  ranged  from  approximately  40X  to  greater 
than  60Z  throughout  aost  of  the  ZSF  (Fig.  II. 5-8).  The  areas 
where  che  water  content  exceeded  the  95Z  d  show  a  distribution 
similar  to  that  seen  for  BOD  with  the  elevations  principally 
occurring  in  the  easternmost,  central  and  western  margins  of  the 
ZSF  (Fig.  II. 5-8). 

The  median  sediment  grain  size  found  in  most  of  the  ZSF  was 
medium  and  fine  silt,  and  the  percent  clay  ranged  from  10-20Z 
(Fig.  11.5-9,10).  Sediments  along  the  south  and  east  ends  of  the 
ZSF  were  coarser  ranging  from  fine  to  very  fine  sand. 


5.4.3  Elliott  Bay— 


The  total  volatile  solids  concentrations  in  the  inner  bay 
Increased  with  increasing  water  depth  and  distance  down  the 
submarine  canyon,  off  the  west  waterway  of  the  Duwamlsh  River 
(Fig.  II. 5-11).  Low  values  near  1Z  were  found  immediately  off 
the  waterway,  and  values  Increased  to  7Z  at  the  base  of  the 
canyon.  Most  stations  in  the  inner  bay  showed  enhancements  in 
volatile  solids  greater  than  the  1.96  SND  (Fig.  II. 5-11). 

The  range  of  volatile  solids  values  at  the  Fourmlle  Rock  ZSF 
was  1.6Z  to  7Z  (Fig.  II. 5-11).  A  tongue  of  sediment  with  low 
volatile  solids  extended  from  the  northern  Inshore  stations. 

None  of  the  stations  within  this  ZSF  were  elevated  above  the 
depositional  criteria. 

The  BOD  values  at  the  inner  bay  ZSF  ranged  from  300  to  over 
700  milligrams  per  kilogram  dry  weight  (Fig.  II. 5-12).  Values 
increased  with  depth  and  down  the  submarine  canyon.  High  values 
were  also  found  along  the  eastern  side  of  the  bay.  Elevations 
beyond  the  95Z  &  were  found  in  a  horseshoe  pattern,  with  two 
stations  below  the  95Z  Cl.  Values  at  Fourmlle  Rock  ranged  froa 
less  than  500  at  Inshore  stations,  to  over  1000  at  the  deep 


11-51 


r-'XTi-  • 


stations.  As  with  volatile  solids,  a  tongue  of  sediment  with  low 
BOD  extended  Into  the  ZSF  from  the  northern  inshore  stations 
(Fig.  II. 5-12).  Five  stations  fell  above  the  95Z  Cl  for  BOD. 

Percent  water  values  followed  the  patterns  previously 
described  for  ZVS  and  BOD  (Fig.  II.5-13).  The  data  Indicate  that 
In  the  Inner  bay,  percent  water  Increased  with  depth  from  less 
than  40Z  at  the  mouth  of  the  west  waterway  to  over  60Z  at  the 
base  of  the  submarine  canyon  (Fig.  II. 5-13).  All  but  one  station 
had  percent  water  values  In  excess  of  the  95X  Cl  level.  Values 
at  the  Fourmile  Rock  ZSF  were  similar  to  those  in  Inner  Elliott 
Bay,  and  ranged  from  less  than  40Z,  to  over  60Z.  The  band  of 
lower  percentage  water  Is  broader  than  seen  in  the  ZVS  and  BOD 
measurements,  but  It  is  still  distinct. 

The  median  grain  size  ranged  from  coarse  sand,  located  at 
the  station  closest  to  the  west  waterway  in  inner  bay,  to  coarse 
silt  as  depth  Increased  (Fig.  II. 5-14).  The  percent  clay  in  most 
of  the  Inner  bay  ZSF  was  from  9Z  to  12Z,  with  values  increasing 
with  increasing  water  depth  (Fig.  II. 5-15).  The  grain  size 
distribution  at  Fourmile  Sock  ranged  from  fine  sand  at  the 
shallow  8 tat Iona  along  all  transects  to  coarse  silt  at  all  deeper 
stations  (Fig.  II. 5-14).  The  percent  clay  Increased  with 
Increasing  water  depth,  with  a  tongue  of  low  values  extending 
Into  the  final  disposal  site  (Fig.  II. 5-15).  The  values  ranged 
from  5Z  to  15Z. 


5.4.4  Commencement  Bay- 


In  Commencement  Bay,  percent  volatile  solids  ranged  from 
0.8Z  to  9.9Z  (Fig.  II. 5-16).  Contours  show  a  tongue  of  sediment 
with  values  greater  than  4Z  extending  from  the  central  basin  into 
the  Bay.  The  stations  having  ZVS  levels  which  exceeded  the  95Z 
Cl  and  1.96  SND  extended  from  the  west  side  of  Commencement  Bay 
across  the  ZSF  to  Brown  and  Dash  Points  (Fig.  II. 5-16). 

The  BOD  displayed  trends  similar  to  those  of  volatile  solids 
(Fig.  II. 5-17).  A  band  of  high  BOD  extended  from  the  central 
basin  Into  a  portion  of  the  ZSF  with  values  ranging  from  892  to 
1338.  BOD  values  decreased  In  the  center  of  the  Bay  and 
increased  again  on  the  west  side.  Stations  whose  values  exceeded 
the  95Z  Cl  also  showed  trends  similar  to  those  shown  by  volatile 
solids.  A  band  of  stations  with  BOD  exceeding  9JZ  Cl,  extended 
across  the  mouth  of  Commencement  Bay  from  the  west  shore  to  Brown 
and  Dash  Points  (Fig.  II. 3-17). 

Contour  Intervals  for  percent  water  are  presented  in  Figure 
II. 5-18.  The  central  portion  of  the  study  area  was  composed  of 
sediments  containing  50Z  water.  Elevations  exceeding  the  95Z  Cl 
and  1.96  SND  did  not  occur  In  the  ZSF  (Fig.  II. 5-18). 
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The  distribution  of  sedlnent  types  in  Commencement  Bay  are 
presetted  in  Figure  11.5-19.  The  median  sediment  grain  size  in 
most  of  the  ZSF  consisted  of  coarse  to  fine  silt.  Closer  to 
Dalco  Passage  the  sediments  became  significantly  coarser.  The 
central  portion  of  the  ZSF  contained  high  levels  of  clay  (|15Z; 
Fig.  11.5-20). 
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Figure  II.  5-1  Contours  of  volatile  solids  overlayed  with  areas 
where  values  exceed  the  35%  Cl  and  l.DG  SND. 
(Source:  Strip] in  et  al.,  1987) 

11-54 


11-58 


Figure  I I. 5-6 


Contours  of  volatile  solids  overlayed  with  areas 
where  values  exceed  the  95*  CZ  and  1.96  SND. 
(Source:  Striplln  et  al.,  1987) 
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Figure  II. 5-7  Contours  of  biochemical  oxygen  demand  overlayed 
with  areas  where  values  exceed  the  95%  Cl  and 
1.96  SMD.  (Source:  Stripiin  et  al..  1987) 
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figure  II. 5-8  Contours  of  percent  water  overlayed  with  areas 
where  values  exceed  the  95%  Cl  and  1.96  SND. 
(Source:  Striplln  et  al.,  198?) 
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Figure  11.5-10  Percent  clay  in  the  Port  Gardner  ZSF 

(Source:  Striplin  et  al.,  1987) 
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Figure  II. 5-11  Contours  of  volatile  solids  overlayed  with  areas 
where  values  exceed  the  95%  Cl  and  1.96  SXD. 

(Source:  Striplin  et  al.r  198?)  \ 
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Figure  XI.  8- 15  Percent  clay  in  th*.?  two  Elliott  Bay  ZSFs . 

(Source:  Striplln  et  al . .  1987) 
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Figure  1 1. 5  17  Cor.  tourc  of  biochemical  oxygen  demand  over]  a  yed 
with  arc  where  values  exceed  the  05*  C  I  and 
1.96  SND.  (Source.  StripJin  et  aJ.,  1987) 
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Figure  II.  5  i'J  Grain  oizc  in  the  Commencement  Bay  2SF. 

(Source:  Striplin  et  al.f  1987) 


Figure  II.  5-20  Percent  clay  in  the  CommcnceiBent  Bay  ZSP . 

(Source:  Striplin  et  al.,  1987) 


6.  HYDRAULIC  CHARACTERS  TICS 


6.1  Objective 


In  the  previous  two  sections  It  Is  evident  thet  there  ere 
sreas  where  natural  aedlaenta  tend  to  deposit  and  that  the  size 
of  the  preliminary  disposal  site  fits  within  these  areas.  Ihe 
central  question  la  whether  the  dredged  aaterlal  would  reealn  In 
these  areas  If  placed  there.  In  the  next  section  It  will  he  seen 
that  newly  deposited  dredged  aaterlal  containing  large  aaounts  of 
silts  and  clays  begins  to  erode  when  the  current  speed  exceeds  a 
threshold  of  spproxlaetely  25  ceatlaeters  per  second  (0.5  knot; 
0.85  feet  per  second).  As  a  result,  PSDDA  sought  areas  where 
natural  aedlaenta  tended  to  accuaulate  and  where  extreae  speeds 
were  less  than  0.85  feet  per  second.  Therefore,  In  this  section, 
asps  of  current  strength  and  direction  were  prepared  for  the  ZSFs. 


6.2  Methods 


Current  strength  was  determined  using  three  approaches: 
field  data  were  examined;  estlaates  were  generated  with  a  numeric 
model;  and  estlaates  were  also  generated  with  a  hydraulic  model. 


6.2.1  Historical  Field  Data — 


Figures  II. 6-1  -  II. 6-4  show  the  locations  in  the  ZSFs  where 
current  speed  and  direction  have  been  measured.  In  Figures 
II. 6-1  -  II. 6-4  the  dots  Indicate  the  locations  of  measurements, 
and  circled  dots  Indicate  locations  which  were  used  In 
correlations  described  later. 

Although  there  Is  not  a  ZSF  In  Seahurst  Bay,  the  many 
measurements  made  there  were  readily  available  and  were  used  In 
the  correlations;  therefore,  the  locations  of  those  measurements 
have  been  shown  in  Figure  II. 6-5. 

The  results  presented  In  this  chapter  are  based  on  several 
hundred  current  meter  records.  A  record  is  defined  as  one 
obtained  at  a  particular  depth  over  a  given  duration,  or  the 
approximate  time  between  Installation  and  retrieval  of  a  current 
meter*  Nearly  all  of  the  records  were  obtained  using  Aanderaa 
current  meters  attached  to  mowings.  These  were  anchored  to  the 
bottom  and  held  taut  with  a  subsurface  float.  Usually  several 
currant  meters  were  attached  to  a  mooring  at  various  depths,  so 
that  a  maker  of  records  were  often  obtained  at  a  given  latitude 
and  longitude  over  the  same  Interval  of  time. 
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These  records  have  been  utilised  In  previous  studies  end  ere 
known  to  be  of  food  quality.  The  wthods  used  to  process  the 
records  have  been  described  elsewhere  la  sow  detail  and  will  not 
be  repeated  here.  The  reader  should  consult  the  following 
reports  for  descriptions.  In  Sarstoga  Passage  the  records  are 
described  by  Cos  et  el.  (1984).  In  Port  Gardner  the  records  are 
described  la  three  reports!  1)  Cos  et  el.  (1984)  for  data  taken 
prior  to  1978;  2)  Nortec  (1986)  for  data  taken  In  the  vicinity  of 
the  proposed  Navy  disposal  site;  and  3)  Evans— Hanil ton ,  Inc. 
(1986)  for  data  taken  at  the  eslstlng  disposal  site.  In  Elliott 
Bay  the  data  have  been  described  In  three  reports:  1)  Cos  et  al. 
(1978)  for  data  taken  prior  to  1978;  2)  CRS  and  Evans- Hanil ton, 
Inc.  (1986)  for  data  taken  for  the  Municipality  of  Metropolitan 
Seattle  (Metro);  and  3)  Nortec  (1985)  for  data  recently  taken  for 
Metro  In  the  vicinity  of  Alkl  Point.  In  Coenencenent  Bay  the 
records  have  been  described  by  Ebbeswyer  et  al.  (1984). 

Finally,  In  Seahurst  Bay  the  records  have  been  described  by  URS 
and  Evans- Hanil ton ,  Inc.  (1986). 


6.2.2  University  of  Washington  Hydraulic  Model — 


The  hydraulic  nodal  was  constructed  at  the  University  of 
Washington  as  described  by  Lincoln  (1979).  Prior  to 
construction,  a  detailed  theoretical  study  was  made  to 
Investigate  aui table  nodal  scales.  The  pr inary  requlrenent  for 
proper  representation  Is  that  flow  nust  be  turbulent.  Normally, 
turbulence  Is  a  function  of  both  channel  dimensions  and  speed  of 
flow.  In  Puget  Sound,  the  channels  are  Irregular  and  flow  speeds 
are  variable  fron  near  zero  to  several  knots,  depending  on  tidal 
characteristics  and  tlw  of  tide.  Tb  be  conservative,  straight 
and  uni fora  channels  were  assuaed  In  this  theoretical  study. 
Additional  considerations  were  the  ultimate  size  of  the  aodel, 
available  space,  and  coat  of  construction.  These  studies 
resulted  in  the  selection  of  a  horizontal  scale  of  1:40,000  and  a 
vertical  scale  of  1:1,132.  Fron  these  two  scales,  all  others 
were  derived  fron  aatheaatlcal  relationships  for  the  propagation 
of  a  shallow  water  wave  (Kattray  end  Lincoln,  1955).  The  depth 
scale  is  exaggerated  by  e  factor  of  34:7.  This  was  necessary  to 
achieve  turbulent  flow  in  the  principal  channels  except  during 
periods  of  sled:  water  and  to  reduce  the  effect  of  surface 
tension  In  shoal  areas  such  as  tidal  flats. 

Tidal  action  Is  a  principal  driving  force  of  the  dynamic 
oceanographic  processes  occurring  In  Puget  Sound;  thus,  they  were 
represental  accurately  In  the  hydraulic  aodel.  The  tide  computer 
constructed  for  the  aodel  Is  the  Kelvin  type,  s la liar  in 
principal  to  the  machine  used  until  1966  by  the  U.S.  Coast  & 
Geodetic  Survey  for  preparing  the  published  Tide  Tables.  The 
computer  for  die  aodel  provides  suawtlon  of  six  cosine  functions 
representing  six  wjor  tidal  constituents.  Tides  for  any 
specific  calender  period  can  be  computed  with  an  accuracy 
governed  by  the  limitation  of  only  six  constituents,  while  at 
least  37  are  used  In  computing  the  published  tide  predictions. 
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Puget  Sound  receives  a  volume  of  fresh  water  each  year  from 
river  discharge]  amounting  to  approximately  20Z  of  Its  total 
volume.  The  strong  tidal  currents  and  turbulence  mix  the  fresh 
water  and  seawater.  The  inflowing  river  water  must  escape  to  the 
ocean  and  In  doing  so,  as  a  result  of  mixing,  carries  with  it 
about  nine  to  ten  tines  Its  volume  of  seawater.  To  compensate 
for  the  loss  of  salt  and  seawater,  and  to  maintain  the  salt 
budget,  there  Is  an  Inflow  of  more  saline  water  from  the  Strait 
of  Juan  da  Rica.  Because  the  nixed  water  is  of  lower  salinity 
and  therefore  of  lower  density,  a  net  outflow  occurs  near  the 
surface  and  a  net  Inflow  at  depth.  A  wide  range  of  surface 
salinities  snd  vertical  salinity  gradients  occur  that  varies  with 
both  location  and  time. 

Fresh  water  Inflow  to  the  model  Is  provided  at  the  locations 
of  the  eleven  principal  rivers  discharging  Into  Puget  Sound. 

Model  river  flow  Is  manually  controlled  with  discharge  rates  of 
each  river  Indicated  by  Individual  flow  meters.  A  separate  tank 
simulates  the  ocean  as  a  source  of  salt  water.  The  model's 
seawater  Is  continually  circulated  between  the  ocean  tank  and  the 
model .  Conductivity  of  the  ocean  water  Is  monitored  and  compared 
with  a  standard.  A  concentrated  salt  solution  is  added  by 
automatic  control  as  required  to  compensate  for  dilution  by  river 
discharge  and  to  maintain  the  ocean  salinity  at  the  control  value. 

Because  of  the  small  size  of  the  hydraulic  model  considerable 
efforts  have  been  made  In  the  past  to  verify  that  It  reproduces 
tidal  phenomena  seen  In  the  field  (Rattray  and  LLncoln,  1984; 
Ebbesmeyer  et  al. ,  1984).  In  this  appendix,  total  variance  was 
computed  from  currents  measured  in  the  hydraulic  model  and  mapped 
In  two  of  the  ZSPs.  To  verify  the  variance  Ebbesmeyer  et  al. 
(1984)  estimated  variance  from  field  data  and  compared  the 
results  with  variance  computed  from  the  model  (Pig.  11.8-6).  In 
Figure  II. 6-6  the  dots  represent  variance  averaged  over  the  water 
coluan  when  several  current  meter  records  were  available  at  a 
single  location,  and  the  x's  represent  variance  computed  at  the 
surface  of  the  hydraulic  model.  Despite  the  scatter,  there  is 
general  agreement  between  field  and  model  data.  Much  of  the 
scatter  undoubtedly  occurs  because  the  field  data  were  obtained 
under  varying  tide,  wind,  and  runoff  conditions;  whereas  the 
model  results  represent  only  spring  tidal  conditions  at  the  water 
surface  under  high  and  low  runoff. 


6.2.3  Numerical  Tidal  Current  Model — 


In  addition  to  the  hydraulic  model,  a  numerical  model  of 
tidal  currents  was  also  used  for  PSDDA.  A  two-dimensional 
vertically  Integrated  set  of  equations  was  utilised  as  described 
by  Butler  (1980).  The  detailed  development  of  the  equations,  as 
well  as  a  review  of  literature  pertinent  to  the  numerical  model 
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was  presented  by  Schmalz  (1983;  1986).  Although  a  compatible 
three-dimensional  hydrodynamic  and  sediment  tr  ana  port  nodal  has 
bean  developed  by  Sheng  (1983),  due  to  PSDDA'a  economic  and  tine 
constraints  the  two-dimensional,  vertically  integrated  approach 
waa  undertaken. 

In  developing  the  grid  for  Puget  Sound,  two  global  grid 
alternatives  were  considered.  In  the  first  alternative,  spatial 
resolution  urns  chosen  to  be  1,500  feet  which  roughly  corresponds 
to  the  sire  of  the  preliminary  disposal  site.  A  grid  of  this 
resolution  would  require  approximately  15,000  cells  to  cover 
Puget  Sound.  The  maximum  water  depth  in  Puget  Sound  la 
approximately  900  feet.  With  this  Information  the  gravity  wave 
speed  and  the  explicit  time  steps  were  calculated  to  be  170  feet 
per  second  and  8.8  seconds,  respectively,  in  implicit  time  step 
of  60  seconds  was  considered.  Over  5,700  tine  steps  would  be 
required  for  a  four  day  simulated  period  at  1,440  time  steps  per 
day.  lb  perform  dlls  number  of  operations  over  a  15,000  cell 
grid  was  considered  too  costly.  Therefore  a  second  grid  was 
considered  with  a  spatial  resolution  of  3,750  feet.  A  time¬ 
sharing  program  was  used  to  develop  a  70  x  103  grid  totaling 
7,210  cells.  Because  of  a  reduction  from  approximately  15,000, 
to  approximately  7,000  cells,  a  simulation  period  of  five  days 
would  require  4,800  time  steps  at  960  time  steps  per  day.  This 
second  alternative  waa  deemed  acceptable. 

Puget  Sound  depths  were  taken  from  NOAA  Nautical  Chart  18440 
for  Admiralty  Inlet  and  Puget  Sound,  and  Nautical  Chart  18421  for 
the  Strait  of  Juan  de  FUca  to  the  Strait  of  Georgia.  Because  of 
Puget  Sound's  configuration,  water  depths  fluctuate  rather 
abruptly  from  one  cell  to  the  next.  For  this  reason,  depths  in 
many  cells  were  averaged  to  obtain  representative  cell  depths.  A 
number  of  small  islands  are  located  in  areas  that  obstruct  water 
flaw;  therefore,  harriers  were  added  to  make  the  boundaries  more 
precise.  In  some  instances  points  were  idealized  to  represent 
either  land  or  water  that  were  crucial  in  the  model.  All 
barriers  were  located  on  cell  faces  and  aa signed  a  land  elevation 
of  ten  feet.  The  barriers  are  modeled  as  exposed  barriers;  that 
is,  no  overtopping  occurred  at  any  barrier  during  the  simulations. 

The  tidal  signals  along  the  open  water  boundary  were 
specified  at  the  two  entrances  to  Puget  Sound:  Admiralty  Inlet 
and  Deception  Pass.  Of  the  total  37  tidal  constituents  available 
from  National  Ocean  Survey,  twelve  were  initially  considered.  In 
the  simulations,  the  amplitudes  and  phases  of  the  two  long  period 
constituents  were  set  to  zero  since  meteorological  effects  were 
not  considered  in  this  study. 

Tb  investigate  the  numerical  behavior  of  simulated  water 
surface  elevation  throughout  Puget  Sound,  28  stations  were 
considered .  Tb  compare  simulated  currents  with  predicted  values 
based  upon  the  harmonic  constants,  38  current  stations  were 
utilized.  Udal  currents  were  reconstructed  based  upon  six  of 
the  tidal  const! tutents  used  at  the  open  boundary;  therefore. 
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four  of  the  open  boundary  constituents  were  not  used  to  predict 
the  currents.  Consult  Schaelz  (1986)  for  a  discussion  of  bottom 
friction  coefficients. 

A  spring  tide  occurred  during  January  16-18,  1981  and  was 
used  to  calibre te  the  model.  While  alaulated  results  at  Seattle 
showed  close  agreeaent  to  predicted  values  In  amplitude  and 
phase,  at  Qlynpla  the  simulated  and  predicted  phase  showed  a  lag 
of  2-3  hours. 

Vertically  averaged  currents  froa  the  aodel,  based  upon  ten 
short  period  constituents,  were  compared  with  values  obtained 
froa  field  measurements .  The  field  data  were  analyzed  to 
determine  the  three  largest  seal -diurnal  and  diurnal  tidal 
constituents.  These  constituents  were  used  to  obtain  a 
coaparlson  with  the  numerical  aodel.  Figure  II. 6-7  shows  inter¬ 
com  per  Isons  between  current  speeds  computed  froa  field  data  and 
froa  the  nuaeric  aodel  at  the  four  locations  closest  to  the  ZSFs 
(Fig.  II. 6-8) .  In  three  locations  the  agreement  Is  good 
(Saratoga  Passage,  Port  Gardner ,  sad  In  the  Main  Basin),  while 
the  discrepancy  near  Commencement  Bey  between  peak  speeds  is 
sizeable  (approximately  0.5  feet  per  second).  Despite  these 
discrepancies.  It  will  be  seen  later  that  the  regional  patterns 
of  peak  speeds  predicted  by  this  nodel  are  In  reasonable 
agreement  with  those  computed  froa  the  hydraulic  aodel. 


6.3  Current  Strength 


The  strength  of  currents  In  Puget  Sound  have  been  estimated 
In  a  number  of  ways.  Various  Investigators  have  examined  mean 
speed,  total  variance,  and  peak  spec da  (Cox  et  al. ,  1984; 
Ebbesaeyer  et  al.,  1984).  These  terms  are  defined  as  follows. 
Mean  speed  Is  the  asan  of  all  speeds  In  a  current  meter  record 
regardless  of  direction.  Total  variance  Is  the  sua  of  the 
variances  determined  for  the  two  component  directions  (north- 
south;  east-west).  The  square  root  of  the  variance  gives  the 
standard  deviation  of  the  current  which  Is  another  useful  measure 
of  current  strength.  As  It  turns  out  below  it  is  nearly  equal  to 
die  mean  current  speed.  Peak  speeds  are  estimated  In  various 
ways,  some  Investigators  determining  the  fastest  speed  in  a 
record  and  others  looking  for  a  high  percentile,  say  the  speeds 
that  occur  during  a  small  percentage  of  time.  To  simplify  the 
PSDDA  Investigation,  relations  were  Investigated  between  the 
mean,  variance,  and  a  selected  percentile  of  the  peak  speed. 
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6.3.1  Interrelations  between  the  mean,  variance,  and 
peak  currents— 


For  this  Investigation  nearly  200  current  meter  records  were 
utilized,  using  available  mean,  variance,  and  peak  speeds.  The 
terns  are  defined  aatheaatlcally  as  follows: 

n 

1  V' 

1)  seen  speed  "  n  /  ,  SI  , 

1-1 


idle re  SI  Is  the  magnitude  of  the  current  velocity  and  the  current 
meter  record  contains  n  observations. 

n 

2)  Total  variance  “  n  ^  ,  (ul  -  u)2  +  (vi  -  v)2  , 

1-1 


1-1  1-1 


where  ul,  vl  are  the  east-west  and  north-south  components  of  the 
velocity,  respectively.  The  rms  (root  mean  square)  speed  is 
defined  as  the  square  root  of  the  total  variance. 

3)  Peak  speed.  For  this  study  the  peak  speed  Is  defined  as  the 
speed  above  which  there  are  1Z  of  the  observations.  In  other 
words.  If  there  are  n  observations  In  a  current  meter  record,  the 
peak  speed  Is  the  threshold  above  which  there  are  0.01  times  n 
observations. 

Figures  II. 6-1  -  II. 6-5  show  the  locations  in  Puget  Sound 
where  currents  were  observed  and  utilized  to  determine  the 
Interrelationships .  It  can  be  seen  that  many  of  the  obser¬ 
vations  were  taken  In  or  near  the  ZSFs  and  that  the  observations 
occurred  in  environments  varying  from  near  the  heads  of  bays 
where  currents  are  weak,  to  the  mid -channel  areas  where  currents 
are  strong.  The  observations  were  taken  over  a  wide  range  of 
depths  snd  durations  (Fig.  II. 6-9). 

Figures  II. 6-10,  II.6-lla,  and  U.6-llb  show  graphs  of  mean 
versus  rms  speeds,  mean  versus  1Z  speeds,  and  rms  versus  1Z 
speeds,  respectively.  Linear  regressions  were  computed  for  each 
graph  with  the  following  results.  For  mean  versus  rms  speeds 
(Fig.  II. 6-10)  there  were  170  records  and  the  linear  regressions 
explained  86. 5Z  of  the  variance  between  these  two  quantities. 
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For  the  aean  versus  IX  speeds  (Fig.  II.6-lla)  there  were  176 
records,  and  the  linear  regression  also  explained  86. 5%  of  the 
variance.  For  the  ras  versus  IX  speeds  (Fig.  I1.6-llb)  there 
were  176  records,  and  the  linear  regression  explained  77 ,4X  of 
the  variance.  These  results  Indicate  that  the  three  aeasures  of 
current  strength  are  veil  correlated. 

Given  the  correlations  aaongst  the  three  aeasures  of  current 
strength.  It  appears  that  the  equations  of  the  linear  regressions 
can  be  used  to  predict  extreaes  froa  the  aean  value  and  total 
variance.  The  equations  are  as  follows: 

1)  aean  versus  ras  speeds: 

aean  speed  “  0.89  +  0.87  (ras  speed) 

2)  aean  versus  IX  speed: 

IX  speed  ■  1.20  +  2.67  (aean  speed) 

3)  ras  versus  IX  speed: 

IX  speed  ■  2.97  +  2.40  (ras  speed) 

In  the  above  equations  the  speeds  have  been  expressed  In 
centlaeters  per  second. 

For  convenience  In  later  Intercoaparlsons  the  following  table 
gives  values  of  the  three  paraaeters  at  Intervals  of  total 
variance  used  elsewhere  In  this  appendix. 


Total 

Variance 

(ca2/a2) 

speed 

(ca/s) 

Estimated 
aean  speed 
(ca/s) 

Estimated 

IX  speed 
(ca/s) 

25 

5 

5 

15 

50 

7 

7 

20 

100 

10 

10 

27 

200 

14 

13 

37 

6.3.2  Current  strength  In  the  ZSFs — ■ 


PSDDA  placed  current  aeter  aoorlngs  at  the  existing  disposal 
sites  In  Elliott  Bay  (Fouraile  Rock)  and  Port  Gardner.  PSDDA 
also  placed  a  aoorlng  In  the  vicinity  of  the  preferred  site  In 
Port  Gardner.  Zable  11.6-1  provides  a  summary  of  these  current 
aeter  aeasureaenta . 

The  strength  of  currents  In  the  ZSFs  was  calculated  using  the 
following  paraaeters:  1)  total  variance  coaputed  froa  field 
observations  taken,  averaged  over  the  entire  water  coluan;  2)  IX 
peak  speed  for  current  meters  located  within  ten  meters  above 


the  bottoa;  3)  total  variance  computed  froe  observations  made 
using  the  hydraulic  model  for  spring  tide  conditions;  and  4)  peak 
currents  during  extrene  spring  tide  of  12-13  Decenber  1985 
simulated  using  the  WES  numerical  tidal  model. 

Nape  of  total  variance  were  computed  using  data  throughout 
the  water  column  (Figs.  11.6-12  -  11.6-15).  Although  these 
records  were  obtained  at  varying  times  and  depths,  regional 
patterns  are  evident  within  some  of  the  ZSFs .  In  the  three  bays 
(Port  Gardner;  Elliott  Bay;  and  Commencement  Bay)  there  are 
comparable  patterns  graduating  from  low  variance  (20-40  cm2  s-2) 
to  values  typical  of  the  more  rapidly  flowing  aid-channel  areas 
(In  excess  of  200  cm2  s-2).  Observations  are  not  available 
within  the  Saratoga  Passage  ZSF,  but  two  stations  have  been 
occupied  Immediately  to  the  north  and  south  of  the  ZSF.  The 
variance  at  these  sites  ranges  between  95-250  cm2  s-2  (FLg. 

11. 6- 12). 

Because  the  total  variance  may  vary  substantially  with  depth 
and  because  current  speeds  near  the  bottoa  are  of  prime 
Importance  to  PSDOA,  the  IX  highest  speeds  were  mapped  where 
observations  have  been  made  within  ten  meters  of  the  bottom  (Fig. 

11. 6- 16).  Unfortunately,  there  are  very  few  measurements  of  this 
type  except  In  Elliott  Bay.  The  IX  speeds  vary  from  17 
centimeters  per  second  in  inner  Elliott  Bay,  to  25  centimeters 
per  second  at  Fournlle  Rock,  to  35  centimeters  per  second  near 
mid-channel • 

To  Interpolate  between  the  sparse  field  data,  regional 
patterns  of  the  current  speeds  were  developed  from  the  numerical 
and  hydraulic  models.  Figures  II. 6-17  -  II. 6-20  show  the  fastest 
speeds  in  the  four  ZSF  areas  obtained  from  the  simulation  of  the 
extreme  spring  tide  of  12-13  December,  1985.  The  peak  speeds 
determined  for  each  grid  cell  were  contoured  in  the  vicinity  of 
the  ZSFk  In  Saratoga  Passage,  Port  Gardner,  Elliott  Bay,  and 
Commencement  Bay.  It  should  be  remembered  that  these  values 
represent  vertically  averaged  s pee da  so  that  fluctuations  with 
depth  have  been  suppressed. 

The  patterns  of  the  speed  contours  from  the  numerical  model 
resemble  those  of  variance  In  Elliott  and  Commencement  Bays 
obtained  from  the  field  data,  and  they  provide  resolution  to  the 
patterns  in  Port  Gardner  and  Saratoga  Passage  (Figs.  II. 6-17  and 

11.6- 18).  In  Saratoga  Passage  the  extreme  speeds  generally  lie 
In  excess  of  15-20  centimeters  per  second  In  the  vicinity  of  the 
ZSF  (Fig.  II. 6-17).  In  Port  Gardner  there  appears  to  be  a  zone 
of  lower  currents  southeast  of  Gedney  Island  where  extreme  speeds 
are  less  than  10  centimeters  per  second  (Fig.  II. 6-18). 

Total  variance  was  also  computed  from  observations  made 
near  the  water  surface  In  the  hydraulic  model.  Because  tidal 
currents  at  depth  were  of  Interest,  the  variance  was  computed 
for  spring  tides  and  low  runoff.  In  this  way  runoff  effects 
would  be  minimal,  and  the  tidal  currents  at  depth  would  be  most 
reflected  in  the  variance  maps  and  therefore  more  comparable  to 
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the  results  of  the  numerical  model  which  doesn't  include  runoff 
effects.  Observations  vere  available  for  Elliott  and 
Commencement  Bays  (Figs.  11.6-21  and  11.6-22)  but,  unfortunately, 
were  not  available  for  Port  Gardner  and  Saratoga  Passage.  It  can 
be  seen  that  the  patterns  are  similar  to  those  for  the  numerical 
model  and  the  field  data.  These  similarities  gave  the  DSWG  some 
confidence  that  the  numerical  model  could  detect  the  transition 
between  the  quieter  water  in  the  bays  and  the  stronger  currents 
at  mid-channel. 


6.4.  Prevailing  Currents 


The  historical  data  were  examined  to  determine  possible 
pathways  by  which  the  suspended  sediment  may  be  carried  by 
prevailing  currents.  For  this  purpose  the  current  meter  records 
previously  examined  for  current  strength  were  also  used  to 
compute  the  prevailing  currents  expressed  mathematically  as 
vectors  having  a  net  speed  and  direction.  The  computations  were 
made  In  60  meter  depth  Intervals  (Figs.  11.6-23  -  II. 6-25).  The 
following  sections  describe  the  prevailing  currents  In  the  ZSFs. 
Section  11.7  describes  the  estimated  amount  of  dredged  material 
transported  by  the  prevailing  currents. 


6.4.1  Saratoga  Passage — 


The  vertical  distribution  of  the  net  currents  has  been 
previously  summarized  by  Barnes  and  Ebbesmeyer  (1978)  and 
Ehbeameyer  et  si.  (1986).  Information  Is  lacking  to  describe  the 
horizontal  patterns  of  the  prevailing  currents.  At  aid-channel 
the  vertical  distribution  (Fig.  II. 6— 26)  may  be  described  as 
follows.  The  surface  layer  contains  a  large  amount  of  Skagit 
River  water  extending  between  approximately  0-10  meters,  and 
flows  southward  along  the  mean  axis  of  Saratoga  Passage.  Beneath 
the  surface  layer  the  prevailing  flow  runs  counter  to  the  surface 
flow  northward  along  Saratoga  Passage. 

Dredged  material  which  remains  suspended  in  the  water  column 
will  thus  be  transported  In  two  major  directions.  Material 
remaining  in  the  upper  layer  will  be  quickly  transported 
southward  at  the  rat a  of  approximately  0-5  miles  per  day 
depending  on  the  depth  where  material  becomes  suspended.  The 
most  rapid  flow  occurs  near  the  water  surface,  and  slow  outflow 
occurs  idiere  the  prevailing  current  changes  direction  between  the 
northward  and  southward  prevailing  flows.  Material  remaining 
suspended  in  the  deeper,  inflowing  layer  will  travel  northward  in 
Saratoga  Passage  at  a  rats  of  approximately  0-1  mile  per  day. 
Therefore,  because  of  the  opposing  flow  directions  of  the  two 
layers,  it  la  possible  that  suspended  material  will  be  dispersed 
over  a  distance  of  several  tens  of  miles  after  several  days. 


6.4.2  Port  Gardne 


The  prevailing  flaw  in  Port  Gardner  oust  merge  with  the  two 
flow  layers  found  in  Saratoga  Passage.  However,  few  data  records 
are  available  with  which  to  construct  these  patterns.  Figure 
11.6-27  contains  hypothetical  flow  patterns  inferred  fron  the 
available  data  and  locations  of  major  rivers. 

In  the  shallow  surface  layer,  on  the  order  of  10  neters  (30 
feet)  deep,  the  discharge  froa  the  Stillaguaaish  and  Snohomish 
Rivers  generally  flow  southward  so  as  to  merge  with  the  shallow 
outflow  from  Saratoga  Passage  (Fig.  II. 6-27).  Based  on  the 
available  data  the  prevailing  direction  of  surface  and  midwater 
current  in  central  Port  Gardner  is  toward  the  southwest. 

The  deeper  layer  originates  offshore  of  Mukilteo  and 
separates  into  two  branches:  the  main  branch  continues  north¬ 
ward  into  Saratoga  Passage,  and  a  minor,  weak  branch  diverges 
eastward  into  Port  Gardner.  The  flow  continues  counterclockwise 
following  the  bottom  contours  around  Port  Gardner.  The 
prevailing  flow  In  central  Port  Gardner  is  therefore  estimated  to 
be  northward  and  westward. 


6.4.3  Elliott  Bay — 


Elliott  Bay  adjoins  Puget  Sound's  Main  Basin.  At  mid- 
channel  in  the  Main  Basin  the  prevailing  flow  (Fig.  II. 6-28)  is 
generally  northward  at  depths  shallower  than  approximately  60 
meters,  and  southward  at  greater  depth.  As  one  approaches 
ELllott  Bay  from  mid-channel  the  prevailing  flows  generally 
become  weaker  and  more  variable  in  direction.  This  summary  has 
been  adapted  from  reports  by  Hlnchey  et  al.  (1980)  and  by  URS  and 
Evans-Hamil ton ,  Inc.  (1980). 

The  surface  layer,  containing  a  substantial  amount  of 
freshwater  from  the  Duwamlsh  River,  flows  northward  along  the 
Seattle  waterfront  in  the  depth  range  of  approximately  0-5  meters 
(0-16  feet).  At  greater  depth  the  prevailing  flows  are  weak  and 
erratic,  but  on  average  they  appear  to  flow  toward  the  head  of 
Elliott  Bay. 

In  the  vicinity  of  the  inner  Elliott  Bay  ZSF  the  flow  will 
generally  be  northward  in  the  upper  five  meters  because  of  the 
Duwamlsh  River,  and  at  greater  depth  water  flows  slowly  toward 
the  Duwamlsh  River.  In  the  vicinity  of  the  Four  Mile  Rock  ZSF 
the  upper  five  meters  of  water  generally  continue  toward  the 
north.  At  greater  depth  there  appears  to  be  a  northward  flow 
that  merges  with  the  prevailing  flow  located  toward  mid-channel. 


6.4.4  Commencement  Bay — 


In  Che  approaches  Co  CoanencemenC  Bay  near  aid-channel  Che 
prevailing  flow  (Fig.  II. 6-29)  la  generally  vescvard  from  Che 
waCer  surface  Co  boccoa  (Ebbesmeyer  eC  al.,  1984).  A  shallow 
surface  layer  con Cains  a  substantial  amount  of  Puyallup  River 
water.  This  layer  generally  flows  out  of  Commencement  Bay  and 
aerges  with  Che  westward  flow.  Ac  greater  depths  there  are  two 
branches  Co  Che  flow  pattern.  The  major  branch  continues  co  the 
west  feeding  into  The  Narrows.  The  minor  branch  turns  counter¬ 
clockwise  and  enters  Commencement  Bay.  The  available  data 
suggest  that  there  are  eddy-llke  prevailing  flows  within  the  Bay 
(Ebbesmeyer  et  al.,  1986). 

Therefore  in  the  portion  of  the  ZSF  located  In  outer 
Commencement  Bay  the  prevailing  flows  are  westward  In  the  shallow 
surface  layer  and  southward  at  greater  depth. 
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Figure  II. 6-2  Locations  of  current  seter  aeasureaents  ( e  )  in 
the  vicinity  of  the  Port  Gardner  ZSF.  Circled 
dots  were  used  in  various  correlations  of 
currents.  The  two  PSDDA  stations  are  denoted 
by  l  I  2.  (Source:  SSI) 
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Figure  1 1. 6-3  Locations  of  current  aeter  measurements  (  •  ) 
in  the  vicinity  of  the  Elliott  Bay  ZSFs. 

Circled  dots  Mere  used  in  various  correlations 
of  currents.  The  two  PSDDA  stations  are  denoted 
by  1  A  2.  (Source:  EHZ) 
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Figure  II. 6-4  Location  of  current  eeeeureeents  (  •  )  in  the  vicinity 
of  the  Coaaenceaent  Bey  ZSF.  Circled  dote  were  used 
in  various  correlations  of  currents.  (Source:  BHI) 
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Figure  XI. 6-5  Locations  of  current  aeasureaents  in  Seahurst  Bay 
that  were  used  in  various  current  correlations. 

( Source :  EKX ) 
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Figure  II.6-7  Predictions  from  the  numerical  tidal  model  (dashed) 
versus  observed  (solid)  tidal  currents  in  the 
.  vicinity  of;  A)  Saratoga  .Passage  ZSF;  3)  Port 

Gardner  ZSF;  C)  Elliott  Bay  ZSF;  and  D)  Commencement 
ZSF.  See  Figure  II. 6— 8  for  locations  of  A-D 
(Source:  SKI) 
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Figure  II. 6-8  Locations  (darkened  square)  of  intercomparisons 

between  the  numerical  tidal  current  model  and  field 
observation.  The  other  squares  represent  cells  used 
in  the  model  and  data  represent  the  centers  of  the 
squares.  (Source:  EHI) 
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Figure  I I. 6-9  Number  of  current  meter  records  used  In  the 

correlation  of  current  speed  versus:  a)  depth- 
and  b)  duration.  (Source:  EH I) 
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Figure  II. 6-10  Mean  versus  rss  speed  for  170  current  aeter 

records  In  Puget  Sound.  Each  dot  represents  a 
current  aeter  record.  See  Figures  II. 6-1  through 
XI. 6-5  for  locations.  The  straight  line  represents 
the  linear  regression.  (Source:  EHI) 
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Figure  XX. 6-11  The  lk  epeed  versus  (a)  the  mean  speed  and  (b)  \ 

rms  speed.  Bach  dot  represents  a  current  meter 
record,  and  the  straight  lines  represent  linear 
regression .  ( Source :  EHX ) 
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Alternate  Diepoeal  Site 


Figure  II. 6-12  Total  variance  In  the  vicinity  of  the  Saratoga 
Passage  ZSP.  Numbers  by  dots  indicate  the  total 
variance  (c*2s“2)  as  averaged  over  the  water  column. 
A  contour  of  200  cs2s”2  Is  shown.  (Source:  END 
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Figure  XI. 6-13  Contour  of  total  variance  of  the  currents  within 
the  Port  Gardner  2SF.  Number?  by  dots  indicate 
total  variance  (ernes'2)  as.  averaged  over  the 
water  column.  (Source:  Ell]  ) 
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Figure  II. 6-14  Contour  of  total  variance  of  the  currents  in  the 

vicinity  of  the  El  1  iott  Bay  ZSFs.  The  nusiber  by  the 
(lota  indicate  total  variance  of  the  currents 
(em2a“2)  averaged  over  the  water  column. 

(Source:  EHI) 

11-99 


Figure  11. 6-15  Contour  of  total  variance  of  the  currents  in  the 
vicinity  of  the  Commencement  Bay  ZSF.  Number  by 
dote  Indicate  total  variance  of  the  currents 
(cm2s“2)  averaged  over  the  water  column. 

(Source:  EH I) 
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Figure  XI. 6-16  Measurement*  of  the  Ik  fastest  current  speed 

within  JO  meters  above  the  bottom.  Number  above 
th*9do|»  indicate  total  variance  of  the  currents 
<c*  •  *),  and  numbers  below  dots  Indicate  the 
distance  above  bottom.  (Source:  EHJ) 


Figure  II. 6-17  Contours  of  the  peak  speed  (cm/s)  obtained  from 

the  numerical  tidal  model  in  the  vicinity  of  the 


Saratoga  Passage  ZSF  for  the  extreme  spring  tides 
of  Dec.  12-13,  1985.  The  squares  represent 
grid  cells  snd  numbers  by  the  center  cf  selected 
cells  (dots)  indicate  selected  peak  speeus. 


(Source:  SHI) 
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Figure  ZI.6-18 


Contours  of  the  peak  speed  (ca/s)  obtained  from 
numerical  tidal  model  in  the  vicinity  of  the  Pc 
Gardner  ZSF  for  the  extreme  spring  tides  of  Dec 
12-13,  1985.  The  squares  represent  grid  cells 
numbers  by  the  center  of  selected  cells  (dots) 
indicate  selected  peak  speeds.  (Source:  SHI) 
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Figure  II. 6-19  Contours  of  the  peak  speed  (ca/s)  obtained  froa  the 

numerical  tidal  model  in  the  vicinity  of  the  Elliott 
Bay  ZSFs  for  the  extreme  spring  tides  of  2cc.  2-1  “ 
1986.  The  squares  represent  grid  cells  and  numbers 
by  the  center  of  selected  cells  (dots;  indicate 
selected  peak  speeds.  (Source:  EHI) 
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Figure  II. 6-20  Contours  of  the  peak  speed  (cm/s)  obtained  frost 
numerical  tidal  model  in  the  vicinity  of  the 
Commencement  Bay  ZSF  for*  the  extreme  spring  tide 
of  Dee.  12-13,  1985.  The  squares  represent 
grid  cells  and  numbers  by  the  center  of  selected 
cells  (dots)  indicate  selected  peak  speeds. 
(Source:  EHI) 


Figure  II. 6-21  Contours  of  total  variance  of  the  currents  computed 
at  the  Mater  surface  in  the  hydraulic  aodel  in 
Klllott  Bay  for  spring  tide  and  low  runoff 
conditions.  Dots  indicate  locations  of  measurement 
and number  indicates  total  variance  of  the  currents 
(era"2).  (Sourte:  KHI) 


Figure  lI.e-22  Contour*  of  total  variance  of  the  currents  computed 
at  the  water  surface  In  the  hydraulic  model  in 
Comnencement  Bay  for  spring  tide  and  low  runoff 
conditions.  Dots  indicate  locations  of  measurements 
number  indicates  total  variance  of  the  currents 
(cn2s~2).  (Source:  SHI) 
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Figure  II.6-23a  Wat  current  speed  and  direction  in  Port  Gardner  in 

the  0-60  meter  depth  range.  Vectors  point  in  the 
direction  of  prevailing  currents.  (Source:  EHI ) 
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Figure  II.6-23b  Mat  currant  spaad  and  direction  in  Port  Gardner 

in  the  60  aetar  to  botton  depth  range.  Vectors 
point  in  the  same  direction  of  prevailing 
currents.  (Source:  EH1) 

11-109 


Figure  XI.6-24b  Net  current  speed  and  direction  in  Elliott  Bay  in 

the  60-120  aeter  depth  range.  Vectors  point  in  the 
direction  of  prevailing  currents.  (Source:  EHI ) 
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Figure  II.6-24C  Net  current  speed  and  direction  in  Elliott  Bay 

in  the  120  meter  to  bottom  depth  range.  Vectors 
point  in  the  direction  of  prevailing  currents 
(Source:  EHI ) 


Figure  II.6-25a  Nat  current  speed  and  direction  in  Co aunencement 

Bay  in  the  0-60  neter  depth  -range.  Vectors 
point  in  the  direction  of  prevailing  currents. 
(Source:  EHI) 
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Figure  II.6-25b  Net  current  speed  and  direction  in  Coaaenceaent 

Bay  in  the  60  aeter  to  bottom  depth  range. 
Vectors  point  in  the  direction  of  prevailing 
currents.  (Source:  EHX) 
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Estimated  patterns  of  prevai  1 
currents  in  Elliott  Bay  in  thr 
layers:  A)  the  shallow  surfac 
layer  in  the  depth  range  of  0- 
meters;  B)  the  intermediate 
depth  layer  in  the  depth  range 
of  5-60  meters;  and  C)  the  dec 
layer  in  the  depth  range  of  60 
120  meters.  (Source:  EHI) 


II. 6-29  Estimated  patterns  of  prevailing  curren 
Commencement  Bay  for  the  A)  shallow  cur 
layer  and  *:he  3  d-'ep  layer. 
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7.  FATE  OF  DREDGED  MATERIAL 


Although  attempts  wore  made  to  locate  the  disposal  sites 
where  the  probability  of  deposition  was  highest*  undoubtedly  a 
snail  fraction  of  the  disposal  notarial  will  be  transported 
beyond  the  disposal  site  boundaries.  Transport  off  site  can 
occur  through  two  nechanisns.  First*  a  snail  aaount  of  the 
disposal  Mterlal  will  r swain  in  suspension  after  the  as in  aass 
of  notarial  reaches  the  bottoa*  and  the  prevailing  currents  nay 
transport  the  suspended  notarial ,  with  soaa  of  it  settling  beyond 
the  disposal  site  boundaries.  Second*  the  aaterlal  that  does 
reach  the  bottoa  within  the  disposal  site  nay  be cone  resuspended 
at  a  later  tine  because  of  unusually  strong  currents.  For  these 
reasons*  the  transport,  or  fate,  of  previously  deposited 
aaterlals  was  considered. 

lb  determine  the  fate  of  the  dredged  notarial,  the  behavior 
of  previous  dredged  aaterlal  disposal*  particularly  those  made  in 
Puget  Sound  was  reviewed.  Fortuitously,  sone  of  these  studies 
were  node  In  the  two  ZSFs  in  Elliott  Bay.  These  studies,  and  one 
node  near  Qtna  Passage,  as  well  as  others  cited  in  the 
literature*  suggest  a  threshold  speed  of  approximately  0.5  knot 
(25  centlne ter s/ second;  0.8  feet  per  second)  above  which  newly 
deposited  dredge  aaterlals  becoae  resuspended  and  nay  move  out  of 
the  disposal  site.  This  threshold  corresponds  to  certain 
contours  on  the  naps  previously  given  for  the  hydraulic 
characteristics  (nean  speed  »  10  centimeters/ second;  variance  - 
100  cn2/a2;  and  a  peak  speed  of  25  centlaeters/  second). 


7.1  Dredged  Material  Remaining  Suspended  in  the  Water  Column 


A  review  of  the  literature  and  discussions  with  personnel  at 
the  Corps  Waterways  Experiment  Station  indicate  that  while 
extensive  studies  have  not  been  made  of  the  amount  of  dredged 
aaterlal  that  reaalns  suspended  in  the  water  column  after  a 
disposal  operation  (B.  Johnson*  personal  communication) ,  enough 
observations  have  been  made  Immediately  after  a  disposal  event  to 
give  a  relatively  good  indication.  One  was  at  Fourmile  Rock, 
another  was  in  Elliott  Bay*  and  a  third  off  the  Washington  Coast 
at  Grays  Harbor  indicate  that  the  aaount  of  aaterlal  remaining 
suspended  in  the  water  column  is  approximately  one  percent  of  the 
aaount  barged  to  the  disposal  site. 

The  following  description  was  adapted  froa  Schell  et  al. 
(1976)  who  described  the  aaount  of  aaterlal  remaining  in  the 
water  coluan  after  a  disposal  was  aade  at  the  Fouraile  Rock  ZSF. 
For  these  saaples  no  grain  size  analysis  was  done.  However, 
recent  aeasureaents  aade  by  the  Seattle  Corps  indicate  that  the 
dredged  area  is  typically  coa posed  of  black  silt  containing  some 
sand. 
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During  March  1974,  vertical  profiles  of  light  transmittance 
vers  aade  before  and  laaedlately  after  a  disposal  operation  at 
the  exlatlag  four  Mile  Sock  disposal  site.  Figure  II. 7-1 
presents  the  aaaa  sad  standard  deviation  of  fifteen  trana- 
alttance  profiles  aade  dose  to  the  location  of  the  disposal. 
These  profiles  shoe  depressions  of  light  transalttance  that  were 
apparently  associated  with  clouds  of  dredged  aaterlal  that  were 
evident  Immediately  after  the  barge  released  the  dredged 
aaterlal.  Total  particulate  aatter  (TIM)  was  aeasured  within 
several  clouds.  The  TIM  values  In  four  clouds  varied  between  2- 
5  ailligraas  per  liter  compared  with  typical  background  values  of 
0.5  -  1.0  ailligraas  per  liter. 

The  observations  of  particulates  reaalning  In  the  clouds  aay 
be  used  to  estlaate  the  dredged  asterlal  reaalning  In  suspension 
laaedlately  after  a  disposal  operation.  The  weight  (W)  of 
aaterlal  can  be  expressed  aatheaatlcally  as  follows: 

V-LxWlxHxCxN, 

where  L,  Wi ,  and  H  are  the  length,  width,  and  height  of  a  cloud, 
respectively;  C  Is  the  concentration  of  particulate  natter  in  the 
cloud;  and  N  Is  the  number  of  clouds  resulting  froa  the  disposal 
operation. 

Based  on  the  observations  at  Fouralle  Rock,  C  and  N  are 
approximately  5  ailligraas  per  liter  and  four  clouds, 
respectively.  The  value  of  H  was  typically  ten  meters  as 
indicated  by  Figure  II. 7-1.  Observations  of  the  horizontal 
extent  of  water  parcels  off  West  Point  by  Bendlner  (1975)  suggest 
that  L  and  Wl  are  on  the  order  of  100  aeters.  Substituting  these 
values  into  the  equation  for  W  yields  approximately  two  tons. 

This  Is  equivalent  to  only  0.2Z  of  a  typical  1000  ton  disposal, 
or  a  slight  amount. 

Schell  et  al.  (1976)  also  considered  a  hypothetical  vertical 
plume  of  suspended  particulates  extending  froa  the  barge  to  the 
sea  floor  laaedlately  after  disposal.  They  estimated  that,  at  a 
aaxlaua,  11.5  tons  would  reaaln  suspended,  or  almost  1Z  of  a  1000 
ton  disposal  operation. 

The  foregoing  considerations  suggest  that,  on  the  order  of 
one  percent  of  the  dredged  aaterlal  aay  reaaln  suspended  for  a 
time  after  a  disposal  operation,  depending  on  the  composition  of 
the  aaterlal. 

A  study  by  WES  aade  on  24-26  February,  1976  at  the  Inner 
Elliott  Bey  disposal  site  showed  that  the  effects  of  the  disposal 
operation  were  detected  within  25  aeters  of  the  bottoa 
(Bokunlewiex  et  al,  1978).  This  occurred  after  discharge  of  1200 
cubic  yards  of  black,  fine-grained,  sandy  organic  silt  in  a  depth 
of  approxlaately  60  aeters.  A  saall  aaount  of  aaterlal  remained 
in  suspension  within  25  aeters  of  the  bottoa  for  about  an  hour 
after  the  disposal  (Fig.  11.7-2). 


11-120 


The  assumption  that  none  of  the  dumped  eaterial  la  loat  to 
the  water  body  during  convective  descent  is  supported  by  dredged 
eaterial  disposal  aonitorlng  in  the  lower  part  of  Grays  Harbor  in 
1982,  in  which  no  increse  in  suspended  sediment  concentrations 
were  observed  within  the  water  col  ton  at  a  station  located  1,000 
asters  from  the  duap  site  (Trawle  and  Johnson,  1986).  The  fact 
that  nothing  was  detectable  indicates  that  loss  to  the  water 
column  during  descent  was  ainlaal. 

An  important  factor  in  determining  sediment  fate  is  the 
composition  of  the  sediment  being  disposed.  During  the  dredging 
operation  the  clamshell  dredge  can  deliver  sediments  in  a  near 
"in  situ"  condition.  The  "dumpiness"  of  the  dsashell  sediments 
allows  the  disposal  operations  to  be  more  predictable,  with 
sediment  fate  more  easily  controlled  (Corps,  1986).  Tests  have 
shown  that  this  material,  disposed  of  by  dumping,  tends  to  remain 
more  or  less  intact  and  falls  to  the  bottom  as  a  amss  at  a  high 
rate  of  speed  (Fig.  II. 7-3).  These  dumps  attain  their  terminal 
velocity  quickly  after  release  from  a  barge  and  do  not  accelerate 
further  with  depth.  After  impact,  the  material  breaks  up  and  its 
ultimate  dispersion  is  dependent  on  ambient  currents  and  bed 
slope  at  the  point  of  impact. 

In  another,  more  recent,  experiment  by  WES  numerical  modeling 
was  used  to  predict  the  behavior  of  dredged  material  (Adamec  et 
al.,  1986).  The  model  assumed  that  disposal  took  place  in  265  - 
400  feet  of  water.  Each  barge  load  contained  4,000  cubic  yards 
of  sediment  which  was  composed  of  25*  wood  chips,  22Z  sand,  and 
53Z  silt-clay  (bulk  density  1.25).  Sediment  properties  were 
assigned  based  on  East  Haterway,  Everett  Harbor,  sediment 
characteristics.  Modal  coefficients  for  bottom  friction  and 
diffusion  were  based  on  calibration  using  previous  Elliott  Bay 
data  with  modifications  to  reflect  changes  in  depth  and  water 
currents. 

Seven  surface  barge  dump  model  runs  were  made  with  varying 
currents  and  sediment  compositions.  The  predictions  of  percent 
of  the  sediment  fractions  and  the  total  percent  remaining  In  near 
bottom  suspension  3600  seconds  (60  minutes)  after  disposal  are 
presented  in  Table  11.7-1.  For  all  sets  of  current  and  material 
compositions,  the  total  percentage  of  sediment  remaining  in 
suspension  longer  than  60  minutes  was  about  two  percent  of  the 
total  (varying  between  2.3*  and  1.2Z;  Ademec  et  al.,  1986).  In 
areas  of  low  current,  a  large  portion  of  this  suspended  material 
will  eventually  settle  in  the  disposal  site.  Note  that  these 
estimates  do  not  Include  any  material  that  may  have  been  stripped 
from  the  descending  mass  of  material  (previously  estimated  at 
approximately  1Z). 

Based  on  current  data  collected  at  the  proposed  Navy  site 
(Nortec,  1986),  the  medial  current  speeds  vary  from  approxi¬ 
mately  0.26  feet/second  at  the  surface  to  0.11  feet/ second  near 
the  bottom.  The  sediment  remaining  in  suspension  longer  than 
3000  seconds  was  1.3Z.  A  single  model  run  was  also  conducted 
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for  a  surface  duap  of  contaminated  material  in  a  depth  of  400 
feet.  The  results  indicate  2.3 X  of  the  material  remains  in 
suspension  after  a  time  period  of  3600  seconds.  It  should  be 
noted  that  this  figure  is  probably  at  the  accuracy  limit  of  the 
currently  available  models. 

The  model  results  also  indicate  that  it  is  the  sand  fraction 
that  had  the  longest  settling  time.  In  the  actual  disposal 
process,  as  the  day/sllt  particulates  flocculate  and  fall 
through  the  water  column,  with  a  settling  velocity  greater  than 
that  attached  to  the  sand  fraction,  they  will  probably  entrap  and 
carry  a  significant  portion  of  the  fine  sand  to  the  bottom  more 
rapidly  than  depicted  by  the  model.  The  ability  of  the  model  to 
accurately  portray  the  material  fate  decreases  as  the  percent  of 
material  in  suspension  decreases  and  as  the  time  of  the 
simulation  increases.  At  the  point  where  the  percent  suspended 
becomes  less  than  two  percent  and  the  time  exceeds  3600  seconds, 
other  uncertainties  such  as  how  much  material  dissociates  from 
the  cloud  in  the  descent  phase  and  the  Influence  of  turbulent 
diffusion  become  extremely  important  factors. 

Although  the  models  do  need  additional  field  verification,  a 
wide  range  of  data  verified  that  the  models  do  compute  the  proper 
behavior  of  dredged  material  disposed  at  open-water  sites 
(Bokuniewlec  et  al.,  1978).  In  these  field  studies,  water  depths 
ranged  from  60  to  220  feet  and  dredged  material  Included  dense, 
cohesive  silt-^elay  dug  with  clamshell  buckets  as  well  as  sand  and 
dilute  silty  material  from  hopper  dredges.  The  quantities 
released  ranged  from  30  to  6,000  cubic  yards.  In  all  cases,  it 
was  observed  that  less  than  one  percent  of  the  descending  mass 
was  stripped  from  the  descending  cloud.  Within  a  few  minutes 
about  93  percent  of  the  material  had  settled  to  the  bottom  within 
a  radius  of  a  few  hundred  feet.  The  maximum  thickness  of  the 
bottom  surge  was  about  13  percent  of  the  water  depth  in  all 
cases.  Thus,  for  a  depth  of  400  feet,  for  the  typical  PSDDA 
site,  the  maximum  thickness  of  the  collapsing  cloud  on  the  bottom 
would  be  about  60  feet,  or  18  meters.  Assuming  the  worst  case  of 
particle  settling  of  0.0017  feet  per  second  yields  a  time  of 
about  33,300  seconds  (about  ten  hours)  required  for  the  remaining 
five  percent  to  be  deposited.  In  a  site  that  has  a  radius  of 
approximately  2000  feet,  with  the  disposal  tone  at  the  center, 
and  a  bottom  current  of  0.1  feet  per  second  (3  centimeters  per 
second),  a  time  of  20,000  seconds  would  be  required  to  transport 
a  sediment  particle  out  of  the  site.  Thus,  an  additional  two  to 
three  percent  of  the  dredge  material  will  be  deposited  within  the 
site,  leaving  two  to  three  percent  that  will  be  transported 
beyond  the  site. 
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7.2  Resua pension  Probability 


Current  velocity  affects  the  distribution  of  sedlaent 
particle  sizes  la  unconsolidated  soft  bottoa  aaterial.  Coarser 
sedlaents  are  associated  with  higher  current  environnents,  while 
fine-grained  sedlaents  are  associated  with  lower  energy 
environ wants .  For  exaapla,  a  current  velocity  of  0.4  knot  (20.6 
cen tine tars  per  second)  will  shift  ordinary  sand  along  the 
bottoa,  while  a  current  of  one  knot  (51.5  cen tine ter s  per  second) 
will  shift  fine  gravel.  A  current  of  2.15  knots  (111  centlaeters 
per  second)  will  aove  coarse  gravel  2.5  centlaeters  in  disaster, 
and  3.5  knots  (180  centlaeters  per  second)  will  aove  angular 
stones  up  to  3.8  centlaeters  In  disaster  (Moore,  1958). 

Therefore,  to  a  substantial  degree  currents  de teralne  the 
grain-size  distribution  of  sedlaents.  Figure  II. 7-4  Illustrates 
the  relation  between  current  velocity  and  Its  potential  to 
deposit,  transport,  and/or  erode  sedlaents  of  various  grain  sizes. 

Studies  of  aounds  of  dredged  aaterial  have  been  conducted  to 
de teralne  If  the  aaterial  was  transported  froa  the  Initial 
disposal  site.  Examinations  were  aade  of  disposals  at  the  ZSF  in 
Inner  Elliott  Bay,  the  disposal  area  In  outer  Elliott  Bay  off 
Fouralle  Rock,  and  near  Dana  Passage  in  southern  Puget  Sound. 

Fortunately  these  three  studies  span  a  wide  range  of  current 
speed  and  eabrace  the  threshold  for  aoveaent  of  dredged 
aaterial.  In  Inner  Elliott  Bay  the  currents  were  too  weak  to 
resuspend  sedlaents;  at  Fouralle  Rock  the  currents  occasionally 
resuspend  soae  dredged  as ter la 1;  and  at  Dana  Passage  photographs 
of  the  dredged  aaterial  on  the  bottoa  clearly  demonstrated  that 
the  aaterial  Is  resuspended  above  the  threshold  of  25  centlaeters 
per  second. 


7.2.1  low  Current  Regina  -  Inner  Elliott  Bay— 


The  River  and  Harbor  Act  of  1970  authorized  the  Dredged 
Material  Research  Prograa  (EMRP),  a  coaprehensive,  nationwide 
study  of  dredged  aaterial  disposal.  The  CHRP  studies  included  a 
site  in  the  ZSF  la  inner  Elliott  Bay  (Fig.  II. 7-5;  Sweeney,  1978; 
Thtea  aad  Johnson,  1978).  This  site,  aonltored  for  approximately 
four  years  after  disposal  In  1976,  waa  selected  for  long-term 
aonltorlng  under  the  Dredging  Operations  Technical  Support  (DOTS) 
Prograa.  The  studies  were  Intended  to  deteralne  if  the  disposal 
aaterial  reaalnad  at  the  disposal  site.  This  suaaary  is  based  on 
reports  describing  the  Elliott  Bay  work  lqr  Dexter  et  al.  (1984) 
and  Thtea  (1984). 

An  accidental  spill  of  984  liters  of  PCB  occurred  In  the 
Duwaalah  River  in  September  1974  (Thtea  and  Johnson,  1978)  and 
settled  In  bottoa  sedlaents .  The  PCB  contaalnated  sedlaents  were 
reaoved  by  dredging  where  aost  of  the  aaterial  was  removed  using 
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special  dredging  techniques  designed  to  einleize  release  of  the 
material  to  the  water,  during  February  17  -  March  6,  1976.  Some 
of  the  upper  Duvaaish  contaminated  material  was  dredged  and 
placed  at  the  experimental  test  site  which  coincidentally  falls 
within  the  inner  Elliott  Bay  ZSF.  The  PCB  was  a  tracer  of  the 
sediment  allowing  documentation  of  the  location  and  movement  of 
the  dredged  material. 

Approximately  150,000  cubic  yards  of  sediment  was  removed  and 
subsequently  deposited  In  the  test  disposal  site  (Fig.  11.7-5) 
using  tandem  500  -  700  cubic  yard  capacity  barges  with  bottom- 
opening  doors.  The  depth  at  the  disposal  site  was  approximately 
200  feet. 

The  EMRP  studies  examined  various  environmental  samples  taken 
before,  during,  and  nine  months  after  the  disposal  operation  of 
Bebruary-March  1976.  Sampling  stations  for  the  DOTS  study  were 
chosen  at  and  near  the  previous  disposal  site  stations.  Other 
stations  both  within  the  CHRP  sampling  grid  as  well  as  In  the 
surrounding  area  were  chosen  In  a  random  fashion.  Four  separate 
cruises  were  conducted  In  the  vicinity  of  the  disposal  area:  a 
reconnaissance  cruise  In  February  1979;  and  cruises  In  May  1979, 
October  1979,  and  May  1980. 

Bathymetric  surveys  made  by  the  Corps  Seattle  District  were 
used  to  construct  bottom  contour  maps  of  the  Elliott  Bay  disposal 
area.  The  disposal  created  a  mound  of  dredged  material  2.0  -  2.5 
meters  (5.5  -  7.0  feet)  in  height  near  the  center  of  the  disposal 
area.  The  bathymetric  data  indicated  little  or  no  change  In  the 
disposal  area  between  1976  and  1979. 

Currents  at  the  disposal  site  were  measured  using  current 
meters  deployed  at  selected  distances  above  the  bottom.  Extreme 
value  statistics,  which  are  maximum  one  year  current  speeds  as 
described  In  Hlnchey  et  al.  (1980),  were  estimated  to  determine 
whether  the  currents  were  sufficiently  strong  to  transport  the 
sediment.  It  was  observed  that  the  sediment  was  generally 
cohesive  and  difficult  to  move.  The  data  indicated  that  the 
currents  were  weak,  moved  primarily  In  response  to  tidal 
fluctuations,  and  apparently  did  not  move  much  of  the  sediment; 
therefore,  the  area  could  be  characterised  as  de positional  rather 
than  eroelonsl.  It  Is  possible  that  some  silt  and  clay  could 
have  been  suspended  or  resuspended  for  a  small  percentage  of  the 
time;  however,  bottom  photographs  were  very  clear,  indicating 
little  resuspension  of  sediment  particles. 

Earlier  work  at  this  disposal  site  Indicated  that  the  total 
PCB  levels  and  the  type  (degree  of  chlorination)  of  PCB  could  be 
used  to  discriminate  between  dredged  material  and  the  natural 
sediments  of  Elliott  Bey;  however,  sediment  analyses  for  PCB 
showed  a  high  degree  of  spatial  heterogeneity.  In  some  cases 
samples  from  the  sane  area,  separated  by  relatively  minor 
vertical  or  horizontal  distances,  showed  large  differences  in  PCB 
concentration.  This  made  It  difficult  to  establish  trends  and  to 
delineate  the  disposed  material.  An  earlier  conclusion  of  the 
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DOTS  study  was  that  such  of  the  dredged  material  fro*  the 
biwaalsh  River  had  been  distributed  deeper  in  the  sediaent  layers 
due  to  biological  activity*  while  natural  sedimentation  covered 
some  of  the  material.  Using  the  highest  total  PCB  values 
obtained  from  all  of  the  saapllng  stations*  Dexter  et  al.  (1984) 
constructed  contour  plots  of  PCB  concentrations  in  the  area  of 
the  disposal  site  (Fig.  11.7-6;  data  contours  of  the  February 
1979  reconnaissance  cruise  only).  Elevated  PCB  levels  were 
clearly  associated  with  the  sediments  at  the  disposal  site.  The 
range  within  the  disposal  grid  was  0.46  parts  per  alllion  to  7.73 
parts  per  alllion  total  PCB  (total  PCB  abbreviated  hereafter  as 
t-CB)  on  a  dry  weight  basis.  Trlchlorobiphenyls  (abbreviated 
hereafter  as  3-CB)  were  at  higher  levels  in  the  dredged  material 
than  background  sediaents.  The  3-0  levels  of  0.3  to  0.4  parts 
per  million  in  the  Bound  were  approxlaately  three  to  four  tines 
higher  than  other  areas  of  Elliott  Bay. 

The  PCB  data  froa  the  reconnaissance  cruise  of  February  1979 
was  subjected  to  cluster  analysis  and  showed  that  the  majority  of 
the  disposal  site  saaplea  fell  into  one  group;  samples  high  in 
both  t-CB  and  3-CB  with  soae  discrepancies.  Soae  stations  from 
the  corner  areas  of  the  disposal  site  did  not  fall  into  this 
group  whereas  soae  outside  stations  did.  TWo  central  stations 
showed  soae  surface  material  that  did  not  fall  into  this  group  as 
would  be  expected.  The  following  tabulation  compares  data  from 
the  DHRP  study  on  PCB  levels  in  the  upper  10  centimeters  of 
sediaent  at  the  center  of  the  disposal  grid  with  data  froa  the 
DOTS  study.  The  comparison  indicates  that  no  aajor  changes  In 
overall  PCB  levels  occurred  through  1980.  In  general,  the  PCB 
analyses  supported  the  results  of  the  sediaent  texture  analyses 
and  indicated  that  the  dredged  aaterlal  sound  had  not  changed 
since  the  CHRP  studies. 


Study 

Sample  Date 

t-PCB  (ppa) 

DMRP 

Mar  76 

2.20  -  1.2 

Apr  76 

2.13  *  0.9 

Jun  76 

2.19  2  1.1 

Sep  76 

2.94  2  1.3 

Dec  76 

3.44  *  2.1 

2.58  -  0.59 


DOTS 

May  79 

2.70 

Oct  79 

2.21  2  0-89 

May  80 

3.54  ±  2.4 

2.82  -  0.68 
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Analysis  of  the  complete  data  set  for  the  water-column 
samples  Indicated  no  significant  differences  between  PCB  levels 
In  either  water  or  suspended  particulates  for  the  various 
stations.  These  PCB  values  were  not  related  to  any  previous 
disposal  of  contaminated  dredged  material. 

The  results  of  the  EMRP  and  DOTS  studies  Indicated  that  the 
dredged  material  deposited  at  the  ZSF  In  Inner  Elliott  Bay  was 
stable  both  physically  and  chemically  over  a  four-year  period. 
The  disposed  material  apparently  has  not  been  moved  by  currents. 


7.2.2  Intermediate  Current  Regime  -  Fourmile  Rock — 


During  September  1974,  a  core  was  retrieved  from  the  Fourmile 
Rock  disposal  site  (Schell  et  al>,  1976).  A  visual  examination 
of  this  core  showed  depletion  of  fine  particles  (silt  and  clay) 
in  the  upper  layers.  The  core  was  sectioned  and  dated  by 
Lead-210  (210Pb)  dating  techniques,  and  then  analyzed  for  trace 
metals.  Trace  metal  concentrations  versus  depth  in  the  core  and 
the  2lOPb  values  used  to  determine  the  sedimentation  rate  are 
shown  in  Figure  11.7-7. 

For  determination  of  sedimentation  rate,  the  cores  were 
divided  Into  one  centimeter  sections,  and  the  210Pb  activity  in 
each  section  determined  by  alphaapectroscopy .  The  210Pb  activity 
presented  in  Figure  II. 7-7  shows  three  separate  parts:  1)  from 
the  surface  to  a  depth  of  7  centimeters  where  the  2lOPb  activity 
Increases  with  depth;  2)  from  7  to  21  centimeters  the  210Pb 
activity  remained  constant;  and  3)  from  21  to  42  centimeters  the 
210Pb  activity  decreased  with  depth.  The  third  section 
represents  what  was  believed  to  be  the  natural  210Pb 
concentrations  in  the  sediments  because  the  values  decrease  in  a 
predictable  manner.  The  second  section  suggested  recent  deposits 
of  dredged  material  because  the  210Pb  content  Is  nearly  constant 
with  depth.  Schell  et  al.  (1976)  suggested  that  the  finer 
material,  containing  most  of  the  210Pb,  was  carried  away  by 
bottom  currents  as  indicated  in  the  first  section  of  the  curve. 
They  cited  the  trace  metal  profiles  presented  In  Figure  II. 7-7  as 
further  evidence  of  the  erosion. 


7.2.3  High  Current  Regime  -  Dana  Passage 


Between  July  and  December  1972,  a  dredging  experiment  was 
conducted  In  which  approximately  20 ,000  cubic  yards  of  material 
was  dredged  from  Olympia  Harbor,  transported  by  hopper  barge,  and 
released  In  the  vicinity  of  Dana  Passage  (Sternberg  and  Colllas, 
1973;  Fig.  II. 7-8).  The  disposal  site  was  situated  In  a  water 
depth  of  approximately  108  feet  on  a  small  plateau  In  an  area 
characterized  by  relatively  strong  tidal  currents  and  a  bed  of 
medium  sized  sand. 
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Dana  Passage  is  a  relatively  large  tidal  channel  located  in 
southern  Puget  Sound  (Pig.  11.7-8).  The  channel  is  approxi¬ 
mately  two  miles  long,  0.5  miles  wide,  and  120  feet  deep.  The 
tidal  flow  ebbs  predominantly  from  the  southwest  through  Dana 
Passage  and  then  tuna  southward  toward  Nlsqually  Reach. 
Historical  current  data  collected  by  Cox  et  al.  (1984)  show  that 
the  total  variance  of  the  current  lies  in  the  range  of  200  -  1000 
cm2  s-2;  therefore,  these  currents  are  much  stronger  than  at 
Fourmlle  Rock  and  inner  Elliott  Bay. 

The  disposal  area  is  located  near  the  northeast  entrance  to 
Dana  Passage.  The  bathymetry  in  this  region  is  relatively 
complex  consisting  of  shallow  and  intervening  depth  areas.  The 
dredged  material  consisted  of  silt-  and  clay-sized  particles  and, 
due  to  its  textural  dissimilarity  with  the  local  bottom  sediment, 
could  be  easily  identified  via  standard  grain  size  analysis  at 
the  disposal  site.  This  experiment  presented  a  unique 
opportunity  to  observe  the  fate  of  newly  deposited  dredged 
material  in  an  area  having  strong  tidal  currents. 

On  10  August  1972  samples  were  collected  at  39  stations  using 
a  van  Veen  Grab  Sampler.  All  samples  were  subjected  to  a 
standard  size  analysis  to  determine  the  textural  characteristics 
of  the  bottom  sediment  prior  to  disposal.  The  mean  size  varied 
from  granules  and  pebbles  within  Dana  Passage,  to  medium  and 
coarse  sand  at  the  disposal  site.  Silt  and  clay-sized  materials 
occurred  north  and  south  of  the  disposal  site.  The  distribution 
of  mean  grain  size  appears  to  be  well  correlated  with  the  tidal 
currents  in  the  area.  Sediments  are  very  coarse  within  the 
channel  where  currents  are  strong;  medium  to  very  fine  sand  in 
the  vicinity  of  the  disposal  site;  and  fine  in  the  adjacent 
inlets  where  currents  are  weak. 

During  the  disposal  operation  individual  samples  of  the 
dredged  material  were  collected  from  the  hopper  barge.  Size 
analyses  gave  a  composite  textural  profile  of  the  dredged 
material  with  a  mean  grain  size  of  fine  silt.  The  four  bottom 
samples  surrounding  the  disposal  site  each  contained  greater  than 
58Z  sand  and  less  than  15Z  clay,  whereas  the  dredged  material 
contained  less  than  35Z  sand  and  greater  than  15Z  clay. 

Current  meter  stations  were  maintained  in  the  vicinity  of  the 
disposal  site  in  October,  1972.  A  tripod  mounted  current  meter 
system  was  set  on  the  bottom  about  1,200  feet  west  of  the  marker 
buoy  established  as  the  disposal  site.  The  bottom  tripod  was 
designed  to  measure  current  speed,  direction,  and  pressure 
fluctuations  one  meter  above  the  sea  floor  each  half  hour  and  to 
take  a  photograph  of  the  bottom. 

taring  the  experiments  five  loads  of  dredge  material  were 
dumped.  Analyses  of  the  photographs  of  the  bottom  indicated  that 
turbidity  varied  from  very  lew  to  very  high.  In  some  instances, 
cloudy  photographs  resulted  from  the  actual  dumping  operation, 
while  in  other  instances  bottom  currents  were  sufficient  to  cause 
erosion  and  thus  create  high  turbidity. 
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The  relationship  between  bottom  current  speed,  occurrence  of 
disposal  operation,  and  relative  turbidity  are  Illustrated  In 
Figure  II. 7-9.  The  arrows  over  the  top  of  each  curve  labelled 
"D"  refer  to  tines  of  disposal  operations.  The  arrows  under  each 
curve  refer  to  the  degrees  of  turbidity  (S,  saall;  M,  aedlua;  H, 
high;  and  VH,  very  high).  In  all  other  bottoa  photographs 
significant  turbidity  was  not  observed.  High  turbidity  levels 
associated  with  disposal  operations  can  be  seen  at  1200  and  1700 
on  October  6  sad  at  1500-1800  on  October  12.  Since  the  tripod 
was  located  downstreaa  froa  the  disposal  site  on  the  flood  tide, 
no  turbidity  was  observed  In  association  with  the  disposal  at 
1709  an  October  5  because  it  coincided  with  the  beginning  of  an 
ebb  cycle. 

High  turbidity  levels  resulting  froa  bottoa  erosion  were 
observed  the  following  tlaes:  01%  and  1300-1400,  October  5; 

0200  and  1400,  October  6;  0000  and  0500-0530,  October  12;  0000 
and  1800-1830,  October  13.  The  results  suggested  that  these 
turbidity  aaxlaa  resulted  froa  the  erosion  of  the  dredged 
aaterlal.  The  size  characteristics  of  the  aaterlal  would  dictate 
that  it  be  transported  in  suspension  if  eroded;  whereas  the  sandy 
aaterlal  noraally  found  in  this  area  should  aove  as  bedload 
considering  Its  size  characteristics  and  the  observed  currents 
(Sundborg,  1967;  Sternberg,  1972). 

All  occurrences  of  turbidity  caused  by  erosion  were 
associated  with  bottoa  currents  ranging  froa  0.46  to  0.56  knots 
(0.8  to  0.9  feet  per  second).  This  apparently  represents  a 
threshold  speed  for  erosion  of  the  newly  deposited  dredged 
aaterlal.  As  dewatering  and  consolidation  of  the  dredged 
aaterlal  deposit  occurred,  higher  bottoa  currents  will  be 
required  to  cause  erosion  (Southard  et  al.,  1971). 


7.3  Determination  of  the  Threshold  Speed 


Considered  together,  these  three  exaaples  were  used  to 
determine  the  threshold  speed  at  which  future  dredged  material 
will  be  transported  In  the  ZSFs.  The  sedlaents  of  prime  concern 
are  the  materials  containing  large  amounts  of  silt. 

The  characteristics  of  sedlaents  previously  dredged  in 
Everett  Harbor  and  Hylebos  Waterway  (Table  II. 4-1),  Indicated 
substantial  aaounts  of  aedlua  silt  to  clay  type  material  will  be 
released  In  the  Port  Gardner  and  Coaaenceaent  Bay  disposal 
sites.  Fortunately,  the  observations  near  Dana  Passage  and  off 
Fouralle  Rock  both  apply  to  dredged  aaterlal  having  substantial 
aaounts  of  silt  (i.e.,  earlier  It  was  noted  that  the  Dana  Passage 
dredged  aaterlal  had  a  mean  grain  size  of  fine  silt,  and  the 
Fouralle  Sock  dredge  aaterlal  had  been  depleted  of  silts  and 
clays). 
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The  aoet  direct  observation  of  the  threshold  for  re- 
suspension  coses  froa  Dsns  Passage  where  a  speed  of  25  eenti- 
wters  per  second  was  sufficient  to  resuspend  the  fine  aaterlal. 
Fouraile  Rock  has  II  extreme  speeds  within  5-6  Meters  of  the 
bottoa  equal  to  22-27  centleeters  per  second  (Fig.  11.6-16).  If 
the  threshold  seen  at  Etna  Passage  Is  equated  to  a  II  speed,  then 
the  regression  in  Hiapter  11.6  yields  an  ns  speed  of  10 
centl waters  per  second  or  a  total  variance  of  100  cw2  a-2.  In 
other  words  the  threshold  would  be  exceeded  only  II  of  the  tlwe, 
at  an  average  rate  of  a  few  hours  at  a  tine,  or  3.7  days  a  year; 
therefore,  it  was  eatiasted  that  recently  deposited  dredge 
aaterlal  would  undergo  little  transport  in  areas  where  the  11 
speed  and  total  variance  are  less  than  25  centiaeters  per  second 
and  100  ca2  a-2,  respectively. 

The  threshold  speed  chosen  for  PSDDA  is  approxiaately  equal 
to  the  speed  at  which  silt  begins  to  be  transported  by  currents 
as  shown  froa  earlier  work  in  Figure  II. 7-4.  However,  recent 
studies  in  Puget  Sound  have  shown  that  after  a  tlae  the  threshold 
speed  any  Increase  because  of  “biological  araoring. "  In  these 
studies  Strlpl in  et  al.  (1985)  lowered  a  fluae  Into  the  bottoa  at 
600  feet  depth  In  Elliott  Bay  and  slowly  Increased  the  speed 
within  the  fluae  until  the  silt  aaterlal  on  the  bottoa  began  to 
erode.  Video  photographs  were  aade  of  the  bottoa  as  it  began  to 
erode.  Repeated  experlaenta  showed  that  erosion  was  slight  until 
speeds  of  40-50  centiaeters  per  second  were  reached.  In  that 
speed  range  substantial  aaounts  of  bottoa  sediments  began  to  be 
transported  by  the  currents  In  the  fluae.  The  photographs 
Indicated  that  the  bottoa  was  bound  together  by  some  biological 
activity.  Apparently  the  working  of  the  sedlaents  by  benthic 
organ Isas  caused  the  bottoa  to  be  bound  together.  Although  these 
experlaenta  were  of  a  preliminary  nature,  the  threshold  speed  In 
Puget  Sound  apparently  Increases  froa  25  centiaeters  per  second 
for  newly  deposited  materials  to  approxiaately  50  centimeters  per 
second  after  the  aaterlal  has  been  In  place  for  soae  tlae. 


7.4  Dilution  of  Suspended  Material 


The  results  presented  In  section  II. 7-1  indicate  that 
approxiaately  one  percent  of  the  dredged  aaterlal  aay  remain 
suspended  in  the  water  coluan  beyond  the  boundaries  of  the 
disposal  zones.  This  Is  the  aaterlal  that  is  stripped  froa  the 
dredged  aaterlal  as  It  descends  to  the  bottoa.  To  evaluate  the 
possible  lapacts  of  this  material  It  was  assumed  In  the  worst 
case  that  It  remains  suspended  for  enough  tlae  to  be  transported 
by  the  prevailing  currents  throughout  the  three  eabayaents  (Port 
Gardner;  Elliott  Bay;  and  Coaaenceaent  Bay).  Because  the 
currents  are  weak  and  variable  In  these  eabayaents  and  because 
of  the  few  data  available.  It  was  not  possible  to  evaluate 
preferred  locations  to  which  the  suspended  aaterlal  night  be 
transported.  Therefore  It  was  assumed  that  the  suspended 
aaterlal  will  eventually  settle  within  the  eabayaents.  This  is 


11-129 


considered  e  worst  case  because  soae  of  the  aaterlal  would 
probably  be  carried  out  of  the  eabayaents  into  greater  Puget 
Sound* 

The  potential  lapact  of  the  suspended  Material  was  evaluated 
by  considering  its  dilution  defined  as  the  ratio  of  the  natural 
sediaentatlon  divided  by  the  suspended  dredged  aaterlal.  The 
dilution  was  expressed  astheaatlcally  as 

A  x  r 

°  THB733T7  7037 

where  A  Is  the  area  of  the  eabayasnt  (square  klloaeters),  r  Is 
the  natural  sediaentatlon  (centl asters  per  year),  ML5  Is  the 
aaount  of  dredged  aaterlal  to  be  disposed  of  during  1985-2000 
(cubic  yards,  converted  to  cubic  aeters),  and  the  factor  0.01 
represents  the  1Z  of  the  dredged  aaterlal  that  reaalns  suspended 
In  the  water  coluan. 


TABLE  11.7-2  ESTIMATED  DILUTION  OF  SUSPENDED  DREDGED  MATERIAL 
FOR  MU  AND  ML2  CATEGORIES  OF  MATHIIAL. 


Bnbaynent 

Area 

(ka2) 

A 

Deposition 
Rate  (ca/year) 
r* 

Dredged 
Material 
(cubic  yards 
1985-1999) 

Dilution 

D 

Port  Gardner 

34 

0.86 

2,690,000 

214 

Elliott  Bay 

14 

2.14 

5,119,000 

115 

Coaaenceaent  Bay 

29 

1.81 

3,270,000 

319 

*Froa  Lavelle  et  el.  (1986) 


liable  II. 7-2  lists  the  estlaated  dilutions  and  the  factors 
that  were  used  to  evaluate  thea.  ML1  and  ML2  categories  of 
aaterlal  are  defined  In  the  EPTA. 

In  the  evaluation  It  was  further  sssuaed  that  categories  ML1 
and  ML2  dredged  Materials  will  be  deposited  in  the  disposal 
sites.  Given  the  previous  assuaptlons  the  estlaated  dilutions 
range  between  115  for  Elliott  Bay  and  214  for  Port  Gardner,  to 
319  for  Coaaenceaent  Bay. 
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The  foregoing  calculations  Indicate  that  if  the  material 
stripped  from  the  descending  mass  were  to  be  evenly  distributed 
throughout  the  sediments  of  the  embayments,  it  would  comprise 
between  0.3  and  0.9X  of  the  bottom  sediments.  Since  the 
suspended  material  will  not  be  distributed  evenly  it  is  possible 
that  higher  concentrations  may  be  obtained  in  local  areas.  On 
the  other  hand  some  of  the  material  may  be  transported  out  of  the 
embayments  thereby  increasing  the  estimated  dilutions.  Probably 
the  most  that  can  be  said  is  that  the  concentrations  of  suspended 
material  in  local  sediments  beyond  the  disposal  site  la  on  the 
order  of  one  percent.  Since  the  dredged  material  is  defined  to 
be  clean  it  is  not  expected  that  this  amount  of  material  will 
cause  detectable  impacts  on  benthic  communities. 


TABLE  H. 7-1  RESULTS  OF  MODEL  RUMS  FOR  DISPOSAL  OF  ONE  BARGE  LOAD  OF  CONTAMINATED 
MATERIAL  AT  THE  SURFACE  AT  MODEL  TIME  3600  SECONDS  (60  MINUTE8) . 


(Source:  ADAMEC  et  el.,  1986) 


mCEHT  LIGHT  TKAKSMITTANCC 


0  20  40  60  80 


Figure  II. 7-1  Light  transmittance  versus  depth  In  the  Pournile 

Rock  dlspoeel  area,  naan  (solid  line)  and  standard 
deviation  (dashed  lines)  of  percent  light 
transmittance.  Dotted  lines  represent  depressed 
light  transmittance  within  selected  clouds  of 
suspended  sediments.  (Source:  Schell  at  al.,  191 


Figure  II. 7-3  Modeling  concept  for  instantaneous  surface  release 
of  dredged  sediments  in  deep  water. 


Figure  II. 7-8 


Location  of  the  experimental  disposal  site  in 
inner  Elliott  Bay.  (Source:  Tatea,  1984) 
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Figure  II. 7-6  Approximate  distribution  of  total  PCB  (parts  per 
aillion)  in  surface  sedlaents  from  the  February 
1979  cruise.  (Source:  Dexter  et  al.,  1984) 


11-138 


Figure  II. 7-9  Mean  bottom  currents  (1  aeter  off  the  bed)  adjacent 
to  the  disposal  site  during  two  50-hour  sampling 
periods.  (Source:  Sternberg  and  Collias,  1973) 


8.  BIOLOGICAL  RESOURCES:  BENTHIC  HABITAT/CHARACTERISTICS 
MAPPED  WITH  CRAB,  SKIMP,  AND  BOTTOMFISH  ASSESSMENTS 

8.1  Objective 


lhe  distributions  of  Dungeness  crab,  shrimp,  and  bottomfish 
were  aapped  in  the  ZSFs  from  data  obtained  during  cruises  in 
February,  April  (Port  Gardner  only),  June,  and  September,  1986. 
The  objective  was  to  select  disposal  sites  in  areas  having  a 
minimal  impact  on  populations  of  these  animals.  Based  on  the 
data  available,  disposal  in  an  area  with  a  Dungeness  crab  density 
of  100  crab  per  hectare  (or  less)  is  considered  a  minimum  Impact 
area  (Cahill,  1986).  The  data  for  Port  Gardner  was  obtained 
through  the  U. S.  Navy  home  porting  studies,  data  for  the  other 
areas  came  from  PSDDA  studies.  The  following  sections  are  based 
on  reports  by  Dlnnel  et  al.  (2 986a -h). 


8.2  Background 


A  key  factor  in  locating  PSDDA* s  disposal  sites  was  an 
assessment  of  Important  fisheries  resources  including  Dungeness 
crab,  shrimp,  and  bottomflsh.  Each  of  these  groups  is  known  to 
use  Puget  Sound  for  feeding,  growing,  and  reproducing. 

Ikmgeness  crab  have  been  the  object  of  conaerclal  and  sports 
fisheries  on  the  west  coast  of  the  bhited  States  since  1848 
( Dahls trom  and  Wild,  1983).  With  the  exception  of  a  few  early 
studies  In  the  1940's  and  1950's,  moat  of  the  studies 
specifically  designed  to  understand  Dungeness  crab  have  been 
conducted  in  the  last  twenty  years.  Of  these  studies,  only  Mayer 
(1973)  and  English  (1976)  have  addressed  the  locally  important 
crab  resources  of  the  inland  waters  of  Puget  Sound.  Ironically, 
It  is  these  areas  that  have  experienced  some  of  the  greatest 
increases  of  urbanisation ,  industrial  development,  pollution,  and 
fishing  pressure. 

A  historical  perspective  on  Dungeness  crab  present  in  Port 
Gardner  during  winter  is  available  from  previous  work  by  English 
(1976).  Average  catches  of  Dungeness  crab  for  duplicate  beam 
trawls  at  nine  stations,  stratified  by  depth  (16-492  feet; 
Baglish,  unpublished  data),  were: 


TABLE  II. 8-1  HISTORICAL  AVERAGE  CATCHES  OF  DUNGENESS 
CRAB  (PER  HECTARE). 


Date 

Hale 

Female 

Total  Crab 

6  Feb.  1974 

10 

9 

19 

5  Feb.  1975 

145 

30 

175 

12  Feb.  1976 

14 

21 

35 

(Source:  T.S.  fiigllsh) 


The  dramatic  and  auatalned  depression  of  crab  resources  In 
the  San  Francisco  Bay  area  from  the  early  1960's  to  the  present 
Is  a  reminder  that  fishery  stocks  can  be  fragile.  Although  the 
decline  In  San  Francisco  Bay  crab  stocks  may  be  partially 
attributable  to  changing  natural  oceanographic  conditions  (Wild 
et  al.,  1983),  other  Impacts  have  been  Identified  which  were 
related  to  loss  of  nursery  habitats  and  pollution  (Wild  and 
Tasto,  1983;  Armstrong,  1983). 

Though  Dungeness  crab  are  widely  distributed  In  Puget  Sound 
and  constitute  a  commercial  fishery  of  1.3  to  2.0  million  pounds 
annually  (PMFC,  1982),  little  la  known  concerning  their 
distribution  and  habitat  preference.  Recently  Weitkamp  et  al. 
(1986)  Investigated  the  distribution  of  Dungeness  crab  In  the 
shallow  waters  of  Port  Gardner.  Studies  of  northern  Puget  Sound 
have  shown  that  several  life  stages  also  utilize  marine  areas  to 
depths  of  400  feet  (Dlnnel  et  al.,  1985a).  These  life  stages 
Include  growing  and  molting  young  and  mature  adults,  females  with 
and  without  eggs,  and  possibly  mating  pairs.  The  northern  Puget 
Sound  data  also  suggest  that  certain  habitats  attract 
aggregations  of  crab  for  unknown  reasons,  although  studies  of 
coastal  estuaries  indicate  a  strong  dependence  of  small  Juveniles 
on  habitat  (Armstrong  and  Gunderson,  1985).  Therefore,  an 
assessment  of  the  disposal  sites  was  necessary  to  determine  If 
these  areas  are  used  by  crab. 

A  critical  concern  during  PSDDA  was  the  level  at  which  animal 
populations  become  Important.  This  concern  Is  difficult  to 
address;  It  is  a  complex  Issue  and  there  is  a  general  lack  of 
baseline  Information  needed  to  Interpret  the  available  data. 

After  a  review  of  available  data,  D.  Armstrong  and  P. 

Dlnnel  (personal  communications)  determined  that  the  average 
background  concentration  of  crab  populations  was  approximately  10 
crab  per  1000  square  meters  In  the  northern  Puget  Sound  area. 

They  found  that  there  probably  will  not  be  a  time  or  place  where 
there  will  be  no  crab.  Therefore,  future  dredge  disposal 
operations  will  Inevitably  have  some  impact  on  crab  populations. 


However,  on  a  tentative  basis,  average  crab  densities  of  ten  or 
less  per  1000  square  asters  is  considered  alniaal.  Since  there 
are  10,000  square  aeters  per  hectare,  areas  having  less  than  100 
crab  per  hectare  vere  considered  to  have  ainiaal  populations  as 
Indicated  by  Cahill  (1986). 

Prior  to  PSDDA  the  extent  of  coaaercial  or  recreational 
■hr lap  resources  in  the  ZSFs  was  unknown,  although  no  coaaercial 
shriap  fishing  occurs  in  or  near  the  ZSFs.  It  will  be  shown  in 
this  section  that  the  PSDDA  work  gave  considerable  assurance  that 
dredged  aaterial  would  be  deposited  in  areas  having  relatively 
low  populations.  Table  II. 8-2  provides  an  estiaate  of  average 
shriap  catches  froa  otter  trawls  in  selected  areas  of  Hood  Canal 
and  Puget  Sound  in  and  near  historical  coaaercial  shriap  activity 
areas. 


A  variety  of  bottoaflsh  species  of  coaaercial  and  recrea¬ 
tional  laportance  are  known  to  inhabit  Puget  Sound  (Ehgllsh, 

1976;  Hiller  and  Bor ton,  1980),  and  a  coaaercial  trawl  fishery 
for  bottoaflsh  is  known  to  exist  in  Saratoga  Passage.  A  recent 
study  has  shown  that  fish  species  diversity  can  be  large  between 
depths  of  150  to  300  feet  in  Puget  Sound  (Donnelly  et  al.,  1984). 


8.3  Rationale 


The  reaaons  for  evaluating  these  biological  resources 
relative  to  dredged  aaterial  disposal  are  two-fold:  1)  a  favored 
aubatrate  type  aay  be  altered;  and  2)  food  resources  may  be 
affected  (see  also  section  II. 9).  It  is  also  important  to 
document  the  presence  and/or  absence  of  crab,  shriap,  and 
bottoaflsh  and  their  relative  abundance  compared  to  other  areas. 
Dungeness  crab,  for  Instance,  have  been  shown  to  aggregate  in 
certain  areaa  relative  to  size,  molting,  and  egg-bearing 
(Armstrong  et  al.,  1986),  aoae  of  theae  areas  being  deep-water 
habitats  (Dlnnel  et  al.,  1985a).  Selection  of  these  habitats  may 
be  partially  dependent  on  substrate  type  for  food  or  for  burial 
to  avoid  predation,  especially  during  molting  or  egg-carrying. 
Changes  in  sediment  quality  may  reduce  the  suitability  for  these 
purposes.  There  is  soma  concern  about  depositing  mud  on  a  sandy 
bottom  and  less  concern  about  depositing  mud  on  a  muddy  bottom. 

In  general  the  preferred  approach  waa  to  deposit  dredged 
materials  on  the  bottom  where  there  was  comparable  sediment. 


8.4  Methods 


This  section  describes  the  methods  and  materials  used  in  the 
field  sampling  for  crab,  shrimp,  and  bottoaflsh.  The  dates  and 
locations  of  sampling  are  given  in  Tsble  II. 8-3. 
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8.4.1 


Dungeness  Crab  Stapling — 


c 


Dungeness  crab  were  sampled  with  a  three  eater  bean  trawl 
described  by  Gunderson  at  al.  (1985)  and  used  elsewhere  In  Puget 
Sound  (Dlnnel  et  al.,  1985a,  1985b;  Weltkaap  et  al.,  1986).  The 
beae  trawl  was  towed  approxlaately  232  aeters  at  a  ground  speed 
of  1.5  to  2.0  knots,  yielding  an  area  swept  by  the  net  of  534 
square  aeters  based  on  an  opening  of  2.3  aeters.  All  crab  caught 
were  measured,  their  sex  determined,  their  aolt  condition 
assessed,  and  their  reproductive  condition  deteralned  (females 
with  or  without  eggs);  and  they  were  then  returned  to  the  water. 
Incidental  catches  of  bottom fish  from  the  beam  trawls  were 
preserved  for  later  processing  onshore  which  Included  species 
identification,  aeasureaents  for  length  and  bioaass,  and  obvious 
external  lesions  or  parasites. 


8.4.2  Bottom fish  Saapllng — 


Bottoaflsh  were  saapled  with  a  7.6-meter  otter  trawl 
described  by  Hearns  and  Allen  (1978).  The  otter  trawl  stations 
were  subsets  of  the  beam  trawl  stations.  The  otter  trawl  was 
towed  approxlaately  370  aeters  at  a  ground  speed  of  2.5  to  3.0 
knots,  yielding  an  area  swept  by  the  net  of  2,220  square  meters 
baaed  an  an  opening  of  six  aeters.  Bottoaflsh  were  frozen  for 
later  processing  ashore,  which  included  identification  of 
species,  measurement  of  length  and  bioaass,  and  checks  for 
external  lesions  and  parasites.  Crab  caught  by  the  otter  trawl 
were  processed  aboard  the  vessel  as  described  above  and  returned 
to  the  water. 


8.4.3  Shrlap  Saapllng — 


Shrimp  were  collected  as  Incidental  catches  from  both  the 
bean  trawls  for  crab  and  the  otter  trawls  for  bottoaflsh. 
Specific  stations  for  shrlap  saapllng  were  not  established. 
Shrlap  were  preserved  for  later  processing  ashore  which  included 
identification  of  cosaerclally  important  species,  measurement  of 
carapace  length,  and  state  of  reproduction  (females  with  or 
without  eggs). 


8.4.4  Trawl  Gear  Efficiency— 


The  otter  trawls  used  for  bottoaflsh  also  saapled  crab,  but 
were  about  15  tlaes  less  efficient  than  the  beaa  trawl  for 
saapllng  crab.  Coaparatlve  average  densities  of  Dungeness  crab 
at  three  sites  in  Port  Gardner,  by  season  and  trawl  type,  are 
shown  in  Figure  II. 8-1. 
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Relative  shrlap  densities  at  these  three  sites  also  depends 
on  the  type  of  gear.  Neither  trawl  type  showed  a  superiority  for 
catching  shrlap  (Fig.  11.8-2).  However,  the  otter  trawl  caught 
aore  shrlap  than  the  bean  trawl  during  approxiaately  two  out  of 
three  trawls.  Since  the  otter  trawling  was  conducted  at  selected 
beaa  trawl  stations  during  June/July  and  September,  a  coaplete 
otter  trawl  data  set  is  not  available.  Therefore,  beaa  trawl 
data  waa  napped  for  shrlap. 

Density  is  defined  as  the  nuaber  of  anlaals  per  unit  of  area 
estiaated  froa  the  beaa  or  otter  trawl  catches.  Bottoa  trawls 
are  rarely  1002  efficient  s sapling  devices,  the  actual  fishing 
efficiency  being  dependent  an  a  variety  of  variables  Including 
gear  type,  tow  speed,  bottoa  conditions,  and  anlaal  species. 
Hence,  the  term  density  la  used  with  the  understanding  that  the 
actual  population  densities  are  probably  underes tins ted  in  aost 
cases. 


8.4.5  Saaple  Sites — 


Sampling  was  conducted  in  the  vicinity  of  preliminary 
disposal  sites  in  the  four  ZSFs:  Saratoga  Passage;  Port  Gardner; 
Elliott  Bay;  and  Coaaenceaent  Bay.  See  Dinnel  et  al.  (1986a-h) 
for  a  detailed  description  of  the  saapllng  locations. 


8.5  Distribution  of  Crab  in  the  ZSFs 


Maps  of  crab  abundance  were  prepared  for  each  ZSF  based  on 
sampling  done  during  the  winter,  spring,  summer,  and  fall  of  1986 
which  are  described  below. 


8.5.1  Port  Gardner — 


taring  February,  the  beaa  trawl  catches  of  tangeness  crab, 
especially  gravid  females,  were  unexpectedly  high  throughout  a 
major  portion  of  Port  Gardner  for  stations  less  than  90  aeters 
(295  feet)  deep.  In  fifty-six  trawls  over  a  four-day  saapllng 
period,  376  tangeness  crab  were  caught.  The  otter  trawl  also 
sampled  Dungeness  crab,  but  much  less  effectively  than  the  beam 
trawl.  Eighteen  otter  trawls  caught  34  crab. 

tangeness  crab  were  not  evenly  distributed  throughout  Port 
Gardner,  and  their  distribution  varied  according  to  sex  and 
reproductive  state  for  the  feaales.  Male  crab  were  found 
slaost  exclusively  in  shallow  water  areas  (Fig.  XI.8-34); 
eighty-five  percent  were  found  in  water  no  deeper  than  20  aeters 
(66  feet)  and  982  in  less  than  40  aeters  (131  feet).  In 
contrast,  gravid  feaales  were  distributed  to  auch  deeper  depths 
with  732  recovered  from  depths  of  40  aeters  (131  feet)  or 
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greater,  and  16X  froa  depths  of  100  to  160  meters  (328-525  feet) 
(Fig.  II.8-4A). 

The  possibility  that  gravid  females  might  be  present  at  depth 
was  previously  suggested  by  Weitkaap  et  si.  (1986).  Gravid 
feaales  were  found  in  abundance  considerably  higher  than  observed 
previously  in  deep  water  areas  of  northern  Puget  Sound. 

Average  crab  density  in  Port  Gardner  for  February  1986  (126 
per  hectare)  compares  favorably  with  the  historical  data. 
Indicating  (albeit  at  a  superficial  level)  no  drastic  changes  In 
crab  abundances  in  Port  Gardner.  Note,  however,  the  high  degree 
of  between-year  variability  in  crab  catches  reported  by  Bagllsh. 
The  reasons  for  these  fluctuations  are  not  presently  known. 

In  April  the  highest  crab  densities  occurred  in  the  eastern, 
shallower  portion  of  Port  Gardner.  The  distributions  of  male  and 
female  crab  throughout  Port  Gardner  are  shown  in  Figures  I1.8-3B 
snd  II.8-4B,  respectively.  Crab  densities  were  highest  in  the 
0-80  meter  (0-262  feet)  depth  range,  with  the  females  preferring 
the  40-100  meter  range,  and  males  being  most  abundant  In  shallow 
water.  These  figures  also  show  the  relative  scarcity  of  males 
which  comprised  only  8Z  of  the  total  catch. 

The  general  distribution  of  crab  in  Port  Gardner  remained 
essentially  unchanged  from  February  to  April.  Males  were  scarce 
(only  7Z  of  total  catch)  and  were  caught  mostly  in  shallow  water, 
while  females  were  abundant  and  preferred  depths  between  40  and 
100  meters  (131  -  328  feet).  Between  February  and  April,  eggs 
carried  by  the  gravid  females  hatched.  In  February,  78Z  of  the 
feaales  carried  eggs  (advanced,  eyed  embryos),  while  less  than 
10Z  still  carried  eggs  in  April. 

The  average  density  of  Dungeness  crab  calculated  from  beam 
trawls  in  Port  Gardner  during  June  was  intermediate  to  the 
February  and  April  average  densities.  Both  the  spetial  and  depth 
distributions  of  Dungeness  crab  in  June  were  similar  to  the 
patterns  observed  in  February  end  April  except  that  males  tended 
to  be  slightly  deeper  on  the  sverage.  Generally,  both  male  and 
female  crabs  were  caught  along  the  nearshore  slope  from  Mukllteo 
to  the  Snohomish  River  delta  (Figs.  II.8-3C  and  1I.8-4C)  and 
continued  to  be  rare  in  deeper  areas  (I 100  meter  depth)  of  outer 
Port  Gardner.  Depthwlse,  the  highest  densities  of  female  crab 
were  in  the  20  meter  to  110  meter  range  with  peak  densities  at  80 
aeters.  The  depth  distribution  of  males  was  fairly  uniform 
between  depths  of  10  meters  to  100  meters,  a  change  from  the  two 
previous  seasons  where  males  were  rarely  caugut  below  40  meters. 
Again,  males  were  relatively  scarce  (9Z)  compared  to  the  females 
which  comprised  91Z  of  the  Dungeness  crab  catch.  Less  than  IX  of 
the  feaales  were  gravid  and  approximately  4X  of  both  male  and 
female  crabs  had  shells  that  were  either  soft  or  very  soft  which 
is  indicative  of  recent  molting. 


11-147 


The  general  distribution  and  densities  of  Dungeness  crab  In 
Fort  Gardner  regained  essentially  unchanged  In  September  from  the 
earlier  saapllng  periods  except  that  a  few  aore  aales  were  caught 
In  deep  water  (Fig.  II. 8- 3D).  Feaale  crab  densities  continued  to 
be  highest  in  the  20  to  100  aeter  range  with  the  highest  average 
densities  occurring  at  80  aeters  (Fig.  II.8-4D). 


8.5.2  Saratoga  Passage — 


Dungeness  crab  were  not  found  In  the  beaa  trawl  saaples  taken 
In  the  ZSF  during  February  (Fig.  II. 8- 54).  One  crab  each  was 
recovered  froa  the  10  and  80  aeter  (33  and  262  feet)  stations 
west  of  the  ZSF,  and  six  crab  were  recovered  froa  the  10-aeter 
(33  feet)  station  nearest  Caaano  Island.  The  crab  recovered  from 
the  10-aeter  (33  feet)  stations  were  either  aales  or  non-gravid 
females .  The  one  found  at  80  aeters  (262  feet)  was  a  gravid 
feaale  with  eggs  at  approxlaately  mid-term . 

More  crab  were  caught  In  Saratoga  Passage  during  the  June 
saapllng  than  during  February.  However,  the  distribution  of  the 
crab  for  the  two  aonths  was  quite  similar  (Figs.  II.8-5A  and 
II.8-5B).  No  crab  were  caught  at  the  stations  In  the  ZSF  or  at 
any  of  the  deep  stations  north  of  the  ZSF.  Dungeness  crab  were 
caught  only  at  the  shallower  stations  (10  to  80  meters;  33  -  262 
feet  depths)  both  east  and  west  of  the  ZSF  and  included  both  male 
(25X  of  total  catch)  and  feaale  (75Z)  crab.  Only  one  of  the  24 
feaale  crab  caught  in  June  was  gravid. 


8.5.3  Elliott  Bay — 


Dungeness  crab  were  absent  froa  all  trawls  at  Four mile  Rock 
and  Inner  Elliott  Bay  during  February,  and  only  one  rock  crab  (C. 
gracilis)  was  recovered.  TVo  aale  Dungeness  crab  were  caught  in 
June  at  depths  of  10  to  20  aeters  (33  to  66  feet)  on  the  north 
side  of  Duvaalsh  Head  (Fig.  II. 8-6) .  Occasionally  rock  crab  were 
caught  at  the  shallower  stations.  Dungeness  crab  were  absent 
froa  all  trawls  at  Fouralle  Rock  and  Inner  Elliott  Bay  during 
Septeaber. 


8.5.4  Cooaenceaent  Bay — 


The  only  crab  caught  In  the  beaa  trawls  were  purple  crab  (one 
each  in  February  and  June  at  10  aeters  (33  feet))  and  red  rock 
crab  (six  In  June  at  10  to  40  meters  or  33  to  131  feet).  Crab 
were  absent  froa  the  otter  trawls  made  In  Commencement  Bay.  No 
crab  were  caught  in  September. 
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8.6  Distribution  of  Shrimp  in  the  ZSFs 


Shrimp  ware  generally  acre  effectively  caught  with  the  otter 
trawl  than  with  the  beaa  trawl.  The  available  data  ia  primarily 
beam  trawl  data  and  la  therefore  the  data  that  la  presented  for 
discussion.  For  cow  par la on,  the  otter  trawl  has  shown  shrimp 
densities  as  such  as  eleven  times  greater  than  densities  fron  the 
beaa  trawl.  When  available ,  otter  trawl  densities  have  been 
shown.  Table  II. 8- A  provides  data  on  average  shrimp  catches, 
lengths,  and  weights,  by  species  for  shrimp  caught  by  otter  trawl 
in  the  proposed  PSDDA  sites. 


8.6.1  Port  Gardner — 


In  February  the  quantity  of  shrimp  was  found  to  be  greatest 
at  intermediate  depths  where  very  few  were  found  in  shallow  water 
(Fig.  II.8-7A).  Small  catches  of  pink  shrimp  (Pandalus  jordani 
or  P.  borealis)  were  coaswn  in  the  deeper  areas,  while 
coon-striped  (P.  danae),  spot  prawns  (P.  platyceroe),  and  side- 
stripe  (Pandalopais  dispar)  Increased  in  number  in  the  80  to  150 
meter  (263  to  A92  feet)  range.  Shrimp  were  caught  In  38  of  the 
56  bean  trawls.  The  highest  abundance  occurred  in  the  40  to  100 
meter  (131  to  328  feet)  depth  interval.  In  April  shrimp  were 
caught  at  26  of  the  55  beaa  trawl  stations  (Fig.  II.8-7B).  The 
shrimp  distribution  was  restricted  primarily  to  the  deeper 
stations  although  abundances  were  generally  lower  than  observed 
during  other  seasons.  A  graph  of  shrlap  density  versus  depth 
shows  the  highest  abundance  below  100  meters  (328  feet;  Fig. 
11.8-8). 

Shrimp  were  caught  at  19  of  the  55  beaa  trawl  stations  during 
June.  Shrlap  sampled  by  the  beaa  trawl  were  most  abundant  in 
depths  of  40  to  80  meters  off  Mukllteo  and  vere  primarily  spot 
prawns  (Pandalus  platyceros)  followed  by  side-stripe  (Pandalopsis 
dlspar)  and  pink  (Pandalus  spp.)  shrlap  offshore  of  the  East 
Waterway  (Fig.  II.8-7C).  As  a  function  of  depth,  shrimp  were 
most  abundant  at  the  40  meter  depth,  a  change  from  both  February 
and  April  when  shrlap  were  most  abundant  at  80  and  100  meters, 
respectively  (Fig.  11.8-8). 

Average  shrimp  densities  for  June  remained  depressed  (30 
shrlap  per  hectare)  as  compared  to  the  February  densities  of  123 
shrlap  per  hectare  but  were  slightly  increased  from  the  19  shrimp 
per  hectare  observed  during  April.  The  highest  shrimp  densities 
in  June  again  occurred  off  Mukllteo  (spot  prawns)  between  40  and 
80  meter  depths. 

The  data  for  September  (Fig.  II.8-7D)  show  shrimp  abundance 
to  be  Increased  over  the  previous  seasons.  The  average  shrlap 
densities  for  September  otter  trawl  is  equal  to  the  February 
density  of  123  shrimp  per  hectare,  but  is  less  than  half  of  the 
beaa  trawl  catch  of  269  shrimp  per  hectare. 
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Shrimp  densities  were  substantially  higher  in  September  than 
during  the  three  previous  seasons.  Shrlap  densities  show  a 
pattern  very  slallar  to  crab  with  the  highest  densities  along  the 
Inshore  slope  between  depths  of  40  to  100  aeters  (131  -  328  feet) 
with  substantially  reduced  densities  at  or  below  110  aeters  (Fig. 

II.8-7D).  Thus,  with  the  disposal  sites  in  such  deeper  water, 
there  should  be  no  significant  lapact  on  shrlap. 


8.6.2  Saratoga  Passage — 


The  average  densities  of  beaa  trawl  caught  shrlap  (all 
species  combined)  at  the  ZSF  were  SO  shrlap  per  hectare  In 
February  and  62  shrlap  per  hectare  in  June  (Figs.  II.8-9A  and 

II.8-9B).  The  average  densities  for  all  stations  in  Saratoga 
Passage  in  February  and  June  were  37  and  56  shrlap  per  hectare, 
respectively.  These  differences  in  seasonal  densities  are 
probably  not  significantly  different  since  the  shrlap  catches 
were  highly  variable  between  stations.  In  general,  the  highest 
densities  of  shrlap  were  in  deep  water  (80  to  120  aeters  or  263 
to  394  feet).  These  densities  are  low  when  compared  to  other 
areas  of  Puget  Sound. 


8.6.3  Elliott  Bay — 


Average  densities  of  shrlap  calculated  from  the  beaa  trawl 
catches  were  highest  in  February  at  the  inner  bay  ZSF  (299  shrlap 
per  hectare)  as  compared  to  the  Fouraile  Rock  ZSF  (44  shrlap  per 
hectare;  Fig.  II.8-10A).  This  pattern  was  reversed  in  June  (Fig. 

II.8-10B).  In  general,  shrlap  densities  were  highest  at  the 
deepest  stations  except  for  a  relatively  large  catch  of 
coonstrlped  shrlap  (Pandalua  danae)  in  February  at  the  10  meter 
(33  feet)  depth  Inshore  of  the  Fouraile  Rock  ZSF. 

Uniformly  law  (  150  shrlap  per  hectare)  estimated  densities 
of  shrlap  were  encountered  at  all  beaa  trawl  stations  in  Elliott 
Bay  except  two  stations  in  inner  Elliott  Bay  (Fig.  II.8-10C). 

The  species  composition  of  shrlap  in  this  area  favored  pink 
shrlap  (Pandalua  borealis)  with  a  few  of  the  larger  spot  prawn 
(Pandalua  platyceroa)  and  side-stripe  shrlap  (Pandalopsis  dispar) 
in  evidence.  The  average  densities  of  shrlap  at  both  ZSFs  were 
322  and  44  shrimp  per  hectare  with  an  overall  average  for  all 
Elliott  Bay  beaa  trawl  saaples  of  135  shrlap  per  hectare. 

The  otter  trawl  was  sore  efficient  than  the  beaa  trawl  at 
catching  shrlap  in  Elliott  Bay  during  September.  The  average 
estimated  shrlap  density  for  Elliott  Bay  as  calculated  from  the 
otter  trawl  catches  was  540  shrlap  per  hectare  versus  246 
shrlap/  hectare  for  the  saae  subset  of  beam  trawls.  However,  the 
saae  realtive  density  pattern  was  observed  between  the  two 
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I  proposed  disposal  sites.  Inner  Elliott  Bay  (885  shrimp  per 

hectare)  had  ten-fold  more  shrimp  than  Fourmile  Rock  (80  shrimp 
per  hectare). 


8.6.4  Commencement  Bay- 


Shrimp  were  In  relatively  lew  abundance  during  February, 
showing  slight  increases  In  Inner  Commencement  Bay  (Fig. 

II.8-11A) .  The  density  of  June  catches  were  roughly  half  that  of 
February  (Fig.  11.8-11B).  The  distribution  of  shrimp  was 
generally  uniform  in  February  while  shrimp  tended  to  be  most 
abundant  at  the  preliminary  disposal  sites  in  June. 

Calculated  densities  of  shrimp  at  the  beam  trawl  stations  for 
September  were  all  less  than  150  shrimp  per  hectare  with  the 
exception  of  two  stations  located  off  Brawns  Point  (Fig.  II. 
8-11C).  The  highest  density  of  shrimp  occurred  at  the  10  meter 
depth  station  off  Browns  Point.  This  station  had  a  calculated 
density  of  1,067  shrimp  per  hectare,  all  of  which  were  juvenile 
coons tripe  shrimp.  Panda lua  danae.  The  Browns  Point  80  meter 
station  had  the  second  highest  shrimp  density  of  281  shrimp  per 
hectare,  all  of  which  were  pink  shrimp,  P.  borealis.  The 
calculated  average  densities  of  shrimp  at  the  two  priority  PSDDA 
disposal  sites  were  67  and  81  shrimp  per  hectare  at  Sites  1A  and 
2A,  respectively.  Overall  the  average  density  of  shrimp  from  all 
beam  trawl  stations  was  117  shrimp  per  hectare. 

The  otter  trawl  was  again  more  efficient  at  sampling  shrimp 
in  Commencement  Bay  when  compared  to  the  beam  trawl.  The  average 
shrimp  densities  for  six  stations  (PSDDA  Site  1A  and  2A  stations) 
trawled  by  both  gear  were  466  and  79  shrimp  per  hectare  for  the 
otter  and  bean  trawls,  respectively.  The  otter  trawls  showed  no 
substantial  difference  between  these  PSDDA  sites. 


8.7  Distribution  of  Bottom  fish  In  the  ZSFs 


8.7.1  Port  Gardner — 


Bottomfish  were  moderately  abundant  at  the  PSDDA  2  site  and 
least  abundant  at  the  PSDDA  1  disposal  site.  This  pattern 
remained  the  same  during  all  sampling  periods,  with  biomass 
Increasing  each  season. 

The  most  abundant  fish  (ftigllsh  sole,  Parophrys  vetulus; 

Dover  sole,  Mlcrostomus  peel ficus;  slender  sole,  Lyopsetta 
exilia;  Pacific  hake,  Merluccius  productua;  and  ratfish, 
Hydrolagua  colllel)  remained  the  same  during  all  four  sampling 
periods;  however,  abundances  fell  from  February  to  April  and 
rose  in  some  cases  in  July  and  September.  The  relative  abundance 
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of  Pacific  hake  vaa  high  for  all  four  saaple  periods,  but  the 
biomass  declined  markedly  fro*  February  to  April  and  rose  only 
slightly  In  July  and  again  In  Septeaber.  Thus,  only  e nailer 
(possibly  young-of-the-year)  individuals  were  present  during 
April,  July,  and  Septeaber.  A  nearby  area  (Port  Susan)  is  known 
to  be  a  spawning  ground  for  Pacific  hake  and  supports  a 
commercial  hake  fishery. 

A  comparison  of  Septeaber,  June,  April,  and  February  sampling 
showed  that  PSDDA  2  had  81,  156,  102,  and  401  fish  per  hectare, 
while  PSDDA  1  had  108,  60,  68,  and  403  fish  per  hectare, 
respectively.  The  number  of  species  caught  at  the  PSDDA  Sites  1 
and  2  which  showed  aarked  reductions  from  February  to  April  and 
July  (16  and  11  in  February,  down  to  7  for  both  in  April  and  6 
for  both  in  July)  rose  in  Septeaber  to  10  and  11,  respectively. 

Bloaasa  generally  followed  the  same  pattern  as  abundances 
PSDDA  2  (15  kg/ha)  and  PSDDA  1  (11  kg/ha).  This  was  the  same 
pattern  exhibited  previously  except  that  absolute  biomass  fell 
during  April  and  July,  then  rose  slightly  in  September. 

Comparison  sampling  of  the  otter  trawl  and  beam  trawl 
indicated  that  the  otter  trawl  was  clearly  a  better  sampler  of 
bottomf lsh  than  the  beam  trawl  as  measured  by  species  diversity, 
abundance,  biomass,  and  range  of  size  categories  sampled. 

However,  the  beam  trawl  provides  good  complementary  data  on 
juvenile  fish. 

Internal  and  external  gross  examination  of  flatfishes  for  fin 
erosion,  tumors,  parssltes  and  liver  abnormalities  indicated 
insignificant  indices  of  these  conditions. 


8.7.2  Saratoga  Passage — 


Only  one  saaple  cruise  (July  1)  was  conducted  for  bottomfish 
In  Saratoga  Passage.  The  total  abundance  values  ranged  from  2  to 
19  individuals  per  station,  while  total  biomass  values  ranged 
from  137  grama  to  3,468  grans  per  station  (Figs.  H.8-12A.C). 

The  PSDDA  site  had  an  Intermediate  abundance  value  and  had  the 
highest  biomass  value.  The  dominant  species  included  ratfish, 
English  sole,  Dover  sole,  slender  sole,  and  adult  Pacific  hake. 
Pacific  hake  were  found  in  the  deeper  PSDDA  site  and  the 
reference  stations,  but  not  in  the  shallower  locations.  In 
contrast,  Ehgllsh  sole  were  only  found  in  the  shallower 
locations.  Dover  sole  were  confined  to  the  40  meter  west 
8 tat ion.  Ratfish  and  slender  sole  occurred  at  the  deeper  (PSDDA) 
stations  and  intermediate  depths  (Figs.  II.8-12B.D).  No  evidence 
of  blood  worms,  liver  tumors,  skin  tumors  or  fin  erosion  was 
found  in  Saratoga  Passage. 
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8.7.3  Elliott  Bay — 


The  results  of  fish  sampling  la  Elliott  Bay  reveal  that  the 
proposed  disposal  sites  generally  have  higher  values  of 
abundance,  bloaass,  and  species  richness  than  their  corresponding 
reference  stations.  The  Fouralle  Rock  site  and  the  adjacent 
reference  stations  exhibited  a  pattern  auch  like  Inner  Elliott 
Bay:  s usaer  season  abundance,  biomass,  and  species  richness 
figures  were  comparable ,  whereas  the  autuan  values  of  bionass  and 
species  richness  for  Fouralle  Rock  exceeded  the  reference 
stations.  Species  diversity  did  not  show  any  clear  pattern. 

Fouralle  Rock  samples  were  taken  in  close  proximity  to 
samples  collected  for  the  Renton  Sewage  Treatment  Plant  Project 
(Stober  sad  Chew,  1984).  The  earlier  study  found  bloaass  values 
higher  at  the  deeper  sites  in  contrast  to  the  present  study. 
Fouralle  Rock  had  higher  bloaass  values  than  the  deeper  reference 
stations.  This  would  suggest  that  Fouralle  Rock  would  have 
higher  species  richness  and  species  diversity  values  than  the 
Fouralle  Rock  reference  stations.  Indeed,  Fouralle  Rock  values 
were  either  comparable  to,  or  exceeded,  the  reference  station 
values  for  species  richness  and  species  diversity.  Neither  study 
was  conducted  during  all  four  seasons,  thus  results  from  this 
study  should  not  be  considered  indicative  of  conditions  at  the 
saaple  sites  throughout  the  year. 

The  inner  Elliott  Bay  site  was  compared  with  a  report  on  the 
effects  of  dredged  material  disposal  on  benthic  Invertebrates  In 
inner  Elliott  Bay  (Binghaa,  1978).  The  1978  report  found  no 
substantial  difference  in  infaunal  (invertebrate)  species 
richness  or  bloaass,  but  did  find  that  the  shallower  stations  had 
the  greatest  species  richness  and  bloaass.  The  same  observation 
was  asde  at  the  Inner  Elliott  Bay  site  (for  fish)  where  the 
deeper  reference  station  had  lower  species  richness  and  biomass. 
Neither  Binghaa  (1978)  nor  this  study  found  any  clear  trend  in 
species  diversity  versus  depth. 

Fish  health  was  generally  good.  Blood  worm  Infection  in 
ftigllsh  sole  was  the  only  disease  noted.  Fin  erosion,  skin 
tuaora  and  liver  tuaors  have  been  found  in  Elliott  Bay,  but 
typically  near  the  inner  developed  shore  and  the  Duwaaish  River 
(Mallns  et  al.,  1982).  The  present  study  sites  were  located  in 
the  deeper  regions  awny  fron  the  shore  of  Elliott  Bay  and  say 
explain  why  the  disease  incidence  was  found  to  be  lower  than  at 
previous  inshore  sanpling  locations. 

The  abundance  values  ranged  fron  17  to  248  fish  per  station, 
while  the  bioaeas  values  ranged  fron  2,800  to  20,630  grams  per 
station  (Figs.  XZ.8-13A  and  II.8-14A).  The  summer  abundance 
valuea  were  lower  (17  to  66  fish  per  station)  than  the  autuan 
values  (30  to  248  fish  per  station).  Bloaass  showed  a  similar 
pattern  to  abundance,  summer  values  were  generally  lower 


chan  corresponding  autuan  values  (3,970  to  8,783  and  2,800  to 
20,630  grass,  respectively). 

Six  species  of  fish  dominated  the  catches  In  Elliott  Bay; 
Bagllsh  sole,  Dover  sole.  Pacific  hake,  slender  sole,  ratfish  and 
black belly  eel pout.  Not  every  species  waa  found  at  each  site 
(Figs.  II.8-13A,B  and  II.8-14A,B).  The  inner  Elliott  Bey  site 
was  the  shallowest  and  had  the  largest  abundance  and  biomass  of 
Pacific  hake*  slender  sole,  and  blackbelly  eel pout.  Fouraile 
Sock  had  the  largest  abtndance  and  blown ns  of  Bagllsh  sole,  Dover 
sole,  and  ratfish,  while  the  other  species  declined.  Fouraile 
Rock  had  lower  abundance  and  biomass  values  compared  with  the 
values  found  at  the  adjacent  reference  stations.  Generally, 
abundance  and  biomass  values  Increased  from  the  auamer  to  the 
autuan  sampling.  Indeed,  English  sole,  Dover  sole,  and  ratfish 
abundance  and  biomass  values  Increased  many  fold.  Ihe  shallower 
Inner  Elliott  Bay  area  had  greater  numbers  of  the  smaller  fishes 
such  as  blackbelly  eelpouts  and  slender  sole  in  contrast  to  the 
deeper  Fouraile  Rock  area  where  the  larger  species  dominated. 

Bagllsh  sole,  Dover  sole,  and  flathead  sole  showed  evidence 
of  blood  worm  Infections.  Incidence  In  these  three  species 
ranged  from  OX  to  42X.  Fouraile  Rock  had  the  highest  Incidence 
of  blood  worm  Infection  In  Bagllsh  sole  and  Dover  sole  with 
flathead  sole  showing  only  a  minor  Incidence.  There  were  no 
Indications  of  liver  tumors,  skin  tumors,  or  fin  erosion. 

The  case  for  the  Elliott  Bay  PSDDA  sites  is  less  clear.  The 
Inner  Elliott  Bay  site  had  greater  abundance,  biomass,  and 
spades  richness  than  the  associated  reference  station.  However, 
most  of  the  fish  spades  that  would  be  impacted  at  the  Inner 
Elliott  Bay  site  have  no  direct  coawrdal  or  recreational 
value.  In  contrast,  some  of  the  species  found  In  abundance  at 
Fouraile  Rock  are  of  commercial  and  recreational  value. 


8.7.4  Commencement  Bay — 


Several  trawling  studies  have  previously  been  conducted  in 
Commencement  Bay.  These  studies  concentrated  their  efforts  In 
the  nearshore  areas  (Becker,  1984;  Veltkaap  and  Sc had t,  1981; 
Tatra  Tech,  1983)  and  la  the  Inner  part  of  Commencement  Bay 
(e.g.,  the  eld  flood  channels  of  the  Puyallup  Rover  (Mallna  et 
al. ,  1982;  Tetra  Tech,  1985c;  tfeltkamp  and  Schadt,  1981).  Becker 
(1984)  and  Sitra  Tfech  (1983c)  used  the  same  otter  trawl  as  the 
present  study;  however,  sampling  depths  only  reached  32  meters  in 
contrast  to  the  175  meter  depths  of  the  proposed  PSDDA  sites. 
Heltkaap  and  Schadt  (1981)  used  a  different  (smaller)  otter  trawl 
and  again  only  sampled  the  shaller  and  Inner  Commencement  Bay 
areas. 
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Eteea  froa  Commencement  Bay  Indicate  that  three  of  the  four 
indices  of  site  utilization  by  flah  varied  inversely  with  depth. 
Aa  depth  Increased,  species  richness,  total  abundance  and  total 
bioaass  decreased.  No  correlation  between  depth  and  species 
diversity  was  evident.  However,  let re  lech  (1985c)  found  the 
species  diversity  on  the  Inner  harbor  waterways  to  be  ouch  higher 
(3.5)  compared  to  the  present  study.  Results  of  this  PSDDA  study 
suggest  higher  catches  occurring  in  deeper  water  during  autumn, 
and  Weltkaap  and  Schadt  (1981)  found  that  abundance  In  the 
shallower  areas  was  highest  In  staaer  and  lower  during  other 
seasons  of  the  year.  Becker  (1984)  found  that  Dover  sole  were 
located  at  deeper  stations  while  English  sole  were  typically 
found  in  shallower  waters,  a la liar  to  the  findings  of  this  PSDDA 
study. 

fish  health  was  generally  good  for  the  flatfish  caught  in 
Coaaenceaent  Bay  during  this  study.  The  only  disease  found  was 
blood  worn  Infection  In  English  sole.  Incidence  for  this  disease 
reached  100%  at  soae  stations,  but  the  saaple  sizes  were  very 
snail  (less  than  five  individuals  per  saaple)  for  locations  with 
high  Incidence  rates.  Tetra  Tech  (1985)  found  Incidences  of 
liver  tumors  (3.3%)  and  fin  erosion  (0.9%),  and  Ns 1 ins  et  al. 
(1982)  also  found  liver  tunors  and  skin  tuaors  in  the  inner 
(shallow)  portions  of  Coaswnceaent  Bay  in  areas  known  to  be 
con tan Ins ted  with  Industrial  wastes. 

Eivlronmental  measurements  were  only  available  for  the  autumn 
period.  Dissolved  oxygen,  temperature ,  salinity  and  Secchl  disc 
aeasurenents  were  all  within  the  ranges  found  In  other  parts  of 
Puget  Sound  (Stober  and  Chew,  1984). 

The  proposed  PSDDA  sites  have  the  greatest  depth  and  the 
lowest  abundance,  bioaass  and  species  richness  aeasurea  of  the 
stations  sampled  during  thla  study.  This  suggests  that  disposal 
of  dredged  material  at  the  proposed  disposal  sites  would  have  a 
relatively  low  Impact  on  fish  assemblages.  Total  abundance 
values  ranged  froa  3.5  fish  per  station  to  a  high  of  307  fish  per 
station.  Total  bioaass  values  ranged  froa  2,052  grams  to  a  high 
of  36,929  grass  per  station.  The  summer  values  were  lower  than 
the  autuan  values  and  the  deeper  stations,  which  Included  the 
PSDDA  sites,  had -the  lowest  values  regardless  of  season.  Total 
abundance  and  bioaass  values  were  highest  at  40  asters  then 
declined  at  20  asters  (Pigs.  II.8-15A  and  II.8-16A).  Three 
species  of  fish:  Ingllsh  sole,  Dover  sole,  and  ratfish  were 
found  in  aoet  saaples.  Generally,  the  PSDDA  sites  contained  the 
lowest  abundance  and  bioaass  of  these  three  species  when  compared 
to  the  seaples  collected  outside  the  PSDDA  sites.  English  sole 
abundance  and  bioaass  were  the  greatest  at  40  asters  In  both 
early  suaaer  and. autuan,  followed  by  suaaer  catches  at  20 
aeters.  At  the  deeper  stations,  Including  the  PSDDA  sites,  the 
Bngllsh  sole  abundance  and  bioaass  values  were  very  low  (Figs. 
II.8-15A,B  and  1I.8-16A,B).  The  abundance  and  bioaass  of  Dover 
sole  and  ratfish  were  greater  than  English  sole  at  the  deeper 
stations.  When  the  deeper  stations  were  taken  as  a  group,  the 
PSDDA  sites  had  the  lowest  abundance  and  bioaass  values. 
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fiigllsh  sole,  Dover  sole,  rez  sole,  and  rock  sole  all  showed 
indications  of  blood  worn  Infections.  Incidences  ranged  froa  OZ 
to  100X.  fiigllsh  sole  had  consistently  high  infection  rates, 
often  as  high  as  100Z,  although  the  saaple  sizes  associated  with 
the  highest  Incidence  rates  were  leas  than  5  fish  each. 

Incidence  of  liver  tuaors,  skin  tuaors  and  fin  erosion  were  all 
OZ. 

The  fish  ecology  data  for  Co— enceaent  Bay  would  suggest  that 
the  two  proposed  disposal  sites  are  probably  acceptable  for 
disposal  of  uncoataainated  dredged  aaterlal.  The  nuabera  of  fish 
were  low  at  these  sites  and  it  would  appear  that  little  Inpact 
would  occur  to  the  fish  assemblage . 


TABLE  II. 8-2  ESTIMATED  AVERAGE  SHRIMP  CATCHES  PER  HECTARE  FROM 
OTTER  TRAWLS  CONDUCTED  IN  SELECTED  AREAS  OF  HOOD 
CANAL  AND  PUGET  SOUND  (ROM  1967  TO  1979.  THESE 
ESTIMATES  ARE  DERIVED  FROM  UNPUBLISHED  DATA 
COLLECTED  AND  SUMMARIZED  BT  DR.  KENNETH  CHEW, 
SCHOOL  OF  FISHERIES,  UNIVERSITY  OF  WASHINGTON. 


Location/Depth  (a) 

Nuaber  of  trawls 

Catch  (kg) /Ha 

HOOD  CANAL 

Dabob  Bay 

20  -  45 

33 

2.9 

45  -  70 

26 

2.7 

70  -  125 

24 

3.5 

Pleasant  Harbor 

35  -  65 

5 

2.9 

65-90 

8 

10.0 

Seabeck 

45-80 

3 

0.8 

Potlatch 

70-90 

4 

6.8 

PUGET  SOUND 

Port  Susan 

25-70 

9 

12.8 

80-120 

7 

5.7 

TUlallp 

50-80 

3 

13.5 

80-120 

4 

11.8 

Carr  Inlet 

45-80 

4 

15.1 

80-135 

3 

2.4 
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TABLE  11.8-3 

DATES  AND  LOCATIONS  OF  SAMPLING  FOR  CRAB,  SHRIMP, 
AND  BOTTOMFISH. 

location 

Sampling  dates 
Beoa  Trawl 

In  1986 

Otter  Trawl 

Saratoga  Paaaagc 

February  11 

June  10 

July  1 

Port  Gardner 

February 

April 

June 

Septaaber  12,17,18 

June 

Septeaber  11,15 

Elliott  Bay 

February  14 

June  11 

Septeaber  4 

July  3 

Septeaber  9 

Coanenceaent  Bay 

February  18 

June  12 

Septeaber  5 

June  13 
Septeaber  8 
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Table  II. 8-4  Average  shrlap  catches,  lengths  and  weights  for  all  shrlap 
caught  by  otter  trawl  In  the  proposed  disposal  sites  In 
Saratoga  Pasaaga,  ELllott  Bay  and  Coaaenceaeat  Bay  during 
June  and  Septeaber  (coablned),  and  Port  Gardner  during 
February,  April,  June,  and  Septeaber  (coablned)  1986. 


SPECIES 

SARATOGA 

PASSAGE 

PORT 

GARDNER 

ELLIOTT 

BAT 

COMMENCEMENT 

BAT 

Spot  Prawn 

Ave.  #/Ha 

0 

0.8 

23.2 

1.5 

Ava .  carapace  length  (aa) 

- 

19.0 

33.6 

26.8 

Ave.  weight  (g)/shrlap 

0 

5.0 

23.0 

12.0 

Total  weight  (kg) /Ha 

0 

0.0 

0.53 

0.02 

Sidestrlpe 

Ave.  #/Ha 

54.1 

6.2 

23.2 

53.3 

Ave.  carapace  length  (aa) 

23.2 

18.0 

23.0 

15.3 

Ave.  weight  (g)/shriap 

6.2 

3.0 

6.0 

1.9 

Total  weight  (kg) /Ha 

0.33 

0.02 

0.14 

0.10 

Saooth  Pink 

Ave.  #/Ha 

0 

0.0 

23.9 

0.8 

Ave.  carapace  length  (aa) 

- 

16.9 

16.5 

Ave.  weight  (g)/ shrlap 

0 

0.0 

3.4 

3.1 

Total  weight  (kg) /Ha 

0 

0.0 

0.08 

0.0 

Pink 

Ave.  #/Ha 

72.1 

17.2 

260.6 

306.4 

Ave.  carapace  length  (aa) 

16.5 

14.4 

16.8 

17.2 

Ave.  weight  (g)/shrlap 

3.2 

2.5 

3.5 

3.6 

Total  weight  (kg) /Ha 

0.23 

0.04 

0.91 

1.1 

Huapback 

Ave.  #/Ha 

0 

0.0 

2.4 

0 

Ave.  carapace  length  (aa) 

- 

— 

26.4 

- 

Ave.  weight  (g) /shrlap 

0 

0.0 

12.0 

0 

Total  weight  (kg)/Ha 

0 

0.0 

0.03 

0 

All  Species  Coablned 

Ave.  #/ Ha 

126.2 

24.2 

333.3 

362.0 

Total  weight  (kg) /Ha 

0.56 

0.1 

1.69 

1.22 

*  Port  Gardner  data  la  pr el la Inary. 
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AVERAGE  OENSITY  PER  HECTARE 


Figure  II. 8-4  Port  Gardner  female  crab  density  for:  A)  February, 
B)  April,  C)  June,  and  D)  September  1986;  bean 

(Source:  adapted  from  Dianel  et  al.,  19861) 
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Pigure  II. 8-5  Saratoga  Passage  total  crab  density  for:  A)  February 
and  B)  June  1986;  beam  trawl.  (Source:  adapted  from 
Dinncl  et  al.,  1986e-h) 


DEPTH  IN  METERS 


Average  commercial  shrimp  densities 
by  season  in  Port  Gardner,  (sourcat 
Dlnnal  et  *1.,  19861) 


by  denth  -s 

adapted  from 


Figure  I I. 8-9  Saratoga  Passage  shrimp  abundance  for:  A)  February 
and  B)  June  1986;  beam  trawl.  (Source:  adapted 
from  Dinnc 1  et  al.,  1986e-h> 


Figure  11.8-10 


Elliott  Bay  Seasonal  Shriuo  Panaitiaa: 

A)  February,  B)  June,  and  C)  Septenber  1986. 
Crab  Panaitiaa;  D)  June  1986.  (None  found  in 
February  and  September.  ( Source <  adapted  frou 
Diane 1  at  el.,  19S61) 
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XI 


Figure  II. 8-12  Saratoga  Passage,  susser  caught  bottoafish: 

k)  abundance.  B)  abundance  by  species,  C)  bicma: 
(grass),  and  0)  bicaass  (grams)  by  species. 
(Source:  Dinnel  et  al.,  1986h) 
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Figure  IX. 8-13  tlliott  lay  bottoafish:  A)  abundance  by  season, 

B)  abundance  by  species  during  suaaer,  and 

C)  abundance  by  species  during  autuan.  (Source. 
Dlnnel  et  al.,  I986h) 
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Figure  XX. 8-14  SXllott  lay  bottoaflsh:  A)  bloaass  (grans)  by 
••aeon,  1)  blonaaa  (gram)  by  species  during 
suassr.  and  C)  bloaass  (grass)  by  species  during 
autusn.  (Source:  Dlnael  et  al.,  1986b) 


Figure  XX.S-ift 


Co—  noose nt  Say  bottosflsh:  A)  blosass  (grams) 
by  season.  •}  biomass  (grass)  by  spool as  during 
ou— or,  and  C)  bioaaos  (grass)  by  spool  os  during 
autusn.  (Source :  Olnnol  ot  al.,  1986h) 


9.  BIOLOGICAL  RESOURCES:  BENTHIC  HABITAT /CHARACTER  IS  TICS  MAPPED 
USING  THE  BENTHIC  RESOURCES  ANALYSIS  TECHNIQUE  (BRAT). 

9.1  Objective 


lb  characterize  the  food  value  of  benthic  organlsae  to 
bottoa-f ending  fish. 


9.2  Background 


Coastal  engineer Ins  projects  often  cause  disturbances  of  soft 
( Muddy  or  sandy)  bottoe  habitats  In  estuarine  systems,  e.g. , 
dredged  Material  disposal  operations.  An  envlronaental  question 
that  often  arises  Is:  Will  this  project  result  in  unacceptable 
changes  to  the  habitat  involved/  Presualng  that  the  potential 
habitat  loss  concerns  physical  disturbance  rather  than  chemical 
contaalnatlon ,  the  resource  aanager  has  few  tools  with  which  to 
judge  the  biological  responae  to  the  disturbance. 

Traditionally,  aonltorlng  efforts  have  relied  upon 
characterizations  of  the  benthic  coaaunlty.  Often  these  field 
studies  produced  extensive  faunal  lists  with  detailed  Information 
on  the  number  of  tags  abundance  and  bioaass  of  the  benthic 
organisms.  These  data,  deaplte  having  been  obtained  through 
labor  Intensive  field  sampling  and  laboratory  analyses,  can 
provide  great  Insight  Into  project  Impacts;  however,  they  are 
more  costly  and  require  a  great  amount  of  time  to  complete. 

The  trophic  food  web  linkages  between  benthic  organisms,  key 
fish  and  shellfish,  and  ultimately  to  humane  via  commercial  and 
recreational  fisheries  appears  to  offer  resource  managers  a 
meaningful  way  of  assigning  comparative  values  to  alternative 
disposal  sites.  Ibr  this  reason  the  DSVG  decided  not  to  under¬ 
take  traditional  benthic  characterizations,  but  rather  utilize 
the  Benthic  Resources  Analysis  Technique  (BRAT)  as  described 
below.  Because  It  Is  not  a  traditional  approach,  some  additional 
explanation  of  the  method  has  been  added. 

Several  years  ago  the  Ar my  Corps  of  Rtglneers  Waterways 
Experiment  Station  developed  a  set  of  procedures  to  estimate  the 
potential  trophic  value  of  soft-bottom  habitats.  These 
procedures  are  collectively  known  as  the  Benthic  Resources 
Assessment  Technique.  The  BRAT  estimates  the  benthos  at  a  given 
site  that  Is  both  vulnerable  and  available  to  selected  fish 
species.  Different  species  of  bottom-feeding  fishes  can  detect, 
capture,  and  ingest  only  a  portion  of  the  qvallable  benthos 
and  will  consume  different  prey  at  different  locations  and 
seasons  reflecting  vulnerable  pray.  In  the  BRAT,  vulnerability 
la  taken  to  be  a  function  of  the  size  of  the  benthic  food  item, 
and  availability  Is  a  function  of  the  depth  of  the  prey's 
location  below  the  sediment-water  Interface.  Both  factors  are 
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estimated  froa  on  examination  of  the  diets  of  target  predatory 
fish,  and  confined  by  a  parallel  areal  nation  of  vulnerable  and 
available  prey  in  the  local  benthic  environment. 

Figure  II. 9-1  depicts  the  nsjor  steps  of  the  BRAX  to  the 
beginning  of  the  statistical  and  nunerical  analyses.  Benthos  and 
fish  are  collected  concurrently  in  the  vicinity  of  a  site  where 
the  benthos  are  segregated  according  to  depth.  After  separation 
from  the  sediments,  the  vertical  distribution  of  potential  food 
iteos  in  the  benthos  at  each  station  is  established  by  size  and 
weight.  Cluster  analysis  is  used  to  objectively  group  all 
stations  exhibiting  similar  sire,  sorted  benthos  distributions, 
and  relative  bionass  contributions.  Ihls  procedure  is 
accomplished  separately  for  each  successive  cumulative  depth 
fraction  (i .e . ,  0-2,  0-5,  0-10,  and  0-15  cantina tars),  and  allows 
uniform  benthic  bionass  strata  (habitats)  to  be  napped. 

Collected  by  conventional  trawling  nethods,  the  fish  are 
■ensured  and  separated  into  size  dosses.  Stoaach  content 
ssaples  for  each  target  fish  species  within  each  size  class  are 
pooled,  then  treated  in  a  manner  identical  to  the  benthic 
samples.  First,  the  food  items  are  separated  into  major 
taxonomic  groups  (l.e. ,  Crustacea,  annelids,  molluscs,  etc.); 
sieved  into  standardized  size  classes  and  than  vet-walghed. 

Thus,  a  record  is  obtained  of  the  size  of  prey  items  and  their 
relative  proportions  utilized  by  bottom-feeding  fish  in  an  area 
at  a  given  .time.  Also  obtained  is  a  record  of  the  locations  of 
prey  utilised  in  die  sediment  column.  Mist  follows  is  a 
comparison  of  the  actual  food  items  eaten  and  food  item, 
size/ depth  distribution  yielding  an  estimate  of  the  potential 
trophic  support  represented  by  a  specified  area  of  bottom 
habitat.  The  final  steps  involved  in  determining  potential 
trophic  support  of  s  given  habitat  are  illustrated  in  Figure 
11.9-2. 

Bach  size  class  of  a  given  fish  species  is  expected  to 
exhibit  a  particular  prey  exploitation  pattern,  l.e.,  its  diet 
will  be  composed  predominantly  of  prey  items  in  a  certain  size 
range.  This  size  range  may  be  either  narrow  or  broad.  For  areas 
in  which  there  are  multiple  target  fish  species  and  multiple  size 
classes  of  each  species,  cluster  analysis  is  used  to  assign  each 
predator  species  size  doss  to  a  prey  exploitation  pattern. 
Cluster  analysis  la  used  to  objectively  sort  fish  size  classes 
into  feeding  strategy  groups  based  on  the  uniformity  of  into 
size-sorted  prey  items.  Cluster  analysis  assists  in  the 
recognition  of  patterns  in  this  complex  data  set.  The  BRAT 
produces  a  list  of  fish  size  classes  sorted  into  groups  having 
similar  prey  exploitation  pattens,  or  feeding  strategies. 

The  second  component  of  prey  exploitation  that  la  evaluated 
is  the  vertical  foraging  capability  for  each  fish  size  class. 
Qualitative  examination  of  each  sample  provides  evidence  of  the 
kinds  of  prey  sad  their  relative  abundance.  Comparison  of  this 
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information  with  the  vertical  distribution  patterns  of  these  prey 
In  the  sediment  column  (derived  from  published  reports  or  from 
direct  observations  from  the  vertically  partitioned  box-core 
samples)  gives  an  Indication  of  the  sediment  depth  to  which  a 
particular  fish  species  or  guild  of  species  can  forage. 


9.3  Methods 


During  13  June  -  8  July  1986,  box-core  and  otter  trawl 
samples  were  collected  In  the  vicinity  of  the  four  ZSFs: 
Saratoga  Passage;  Pert  Gardner;  Elliott  lay;  and  Commencement 
Bay.  Moat  of  the  sampling  mas  done  in  the  Priority  1  and  2 
disposal  sites,  with  some  additional  stations  serving  as 
references. 


9.3.1  Benthic  Sampling  and  Processing — 


A  total  of  40  benthic  samples  were  taken  at  the  four  areas  as 
follows:  Saratoga  Passage,  4  stations;  Port  Gardner,  10 
stations;  Elliott  Bay,  14  stations;  and  Commencement  Bay,  12 
stations.  The  cores  were  collected  using  a  0.062  square  meter 
Gray  O'Hara  stainless  steel  box-eorer  fitted  with  an  acrylic 
plastic  liner.  As  soon  as  the  corer  mas  retrieved,  the  liner 
containing  the  undisturbed  sample  mas  removed  and  processed  as 
follows.  Beginning  at  the  sediment-water  Interface  the  core  was 
divided  Into  vertical  sections  between  the  following  depths:  0- 
2;  2-3;  3-10;  and  10-13  can tins ter s.  The  0-2  centimeter  section 
was  washed  Into  a  0.23  millimeter  mesh  solve  bucket.  The 
remaining  vertical  sections  were  Individually  washed  Into  a  0.5 
millimeter  we ah  sieve  bucket.  Each  sediment  sample  was  sieved  by 
Immersing  the  bucket  In  e  30  gallon  container  filled  with  ambient 
seawater,  and  gently  shaken  and  swirled  to  suspend  the  larger 
material  and  to  allow  fine  sands,  silts  and  clays  to  pass  through 
the  screens.  Kesldual  material  Including  benthos  was  placed  in 
cloth  bags,  tied,  and  preserved  la  10X  seawater-buffered  formalin 
with  a  0.2Z  lose  Bengal  solution.  All  four  vertical  sections 
were  then  taken  to  the  laboratory  for  analysis. 

Samples  were  sorted  Into  major  taxa  for  each  of  the  four 
depth  fractions  from  each  box  core  and  were  then  Individually 
separated  Into  discrete  size  class  Intervals  by  a  wet  sieving 
procedure  described  by  Carr  and  Alans  (1973)  and  Sheridan 
(1979).  The  nested,  graded  3 -inch  standard  sieves  used  In  the 
benthic  analysis  were:  6.33;  3.33;  2.0;  1.0;  and  0.3  mllll- 
meters.  A  0.23  millimeter  mesh  sieve  was  added  for  processing 
the  0-2  centimeter  depth  fraction.  Etch  sample  was  carefully 
washed  through  the  nested  sieves  using  a  gentle  water  rinse, 
taking  care  not  to  damage  soft-bodled  benthic  organisms,  fitch 
sieved  cample  was  then  filtered  through  a  43  micrometer 
nlllipore  filter  and  then  quantitatively  transferred  to  weighing 
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bottle*.  Ifexa  sorted  from  the  0.25  millimeter  sieved  sample  for 
the  0-2  centimeter  depth  fraction  were  weighed  directly  after 
filtering.  Het-welght  blames*  was  initially  recorded  to  0.01 
gram  end  the  sample  returned  to  a  vial  containing  702  alcohol. 

In  e  few  cases ,  when  the  available  biomass  wms  small,  a  higher 
level  of  accuracy  was  required  (0.1  milligram). 

For  the  0-2  centimeter  vertical  depth  fraction  all  Indi¬ 
viduals  of  each  major  taxon  were  enumerated.  Approximately  150 
individuals  of  each  major  taxon  were  divided  Into  five  sub- 
samples  each  having  30  Individuals.  Each  subsample  was  weighed 
to  the  nearest  0.001  milligram.  Average  Individual  weight, 
standard  deviation,  and  tha  coefficient  of  variation  for  all  five 
subsamplee  ware  then  calculated.  The  average  Individual  weight 
was  then  used  to  estimate  the  total  weight  of  that  taxon  in  the 
sample  obtained  by  multiplying  the  mean  by  the  total  number  of 
individuals  enumerated.  Biomass  data  were  converted  to  grams  per 
square  meter  (wet  weight)  and  Incorporated  Into  the  evaluation. 


9.3.2  Fish  Sampling  sad  Processing— 


Fish  collections  were  conducted  concurrently  In  the  vicinity 
of  the  benthic  sites  using  a  25-foot  otter  trawl.  The  trawls 
were  distributed  as  follows:  Saratoga  Passage,  4  trawls;  Port 
Gardner,  7  trawls;  Elliott  Bay,  8  trawls;  and  Commencement  Bay,  8 
trawls  (see  Clarke,  1986  for  trawl  locations). 

The  trawls  were  of  relatively  short  duration  (approximately 
five  minutes)  to  minimize  deterioration  and  regurgitation  of  the 
gut  contents  by  tha  fish.  Target  bottom -feeding  fish  species 
representative  of  demersal  fish  utilizing  each  site  Included  five 
species  of  adLe:  English  sol*  (Parophrys  vetulus);  Dover  sole 
(Micros tomus  pad ficus) ;  slander  sol*  (Iyopsatte  exllls);  rex 
sol*  (Glyptocephelus  sechlrus);  end  fie thee d  sole 
(Hlppoglossoldas  elsssadon).  Fish  collected  along  each  transect 
were  processed  as  follows.  Demersal  bottom-feeding  fish  were 
separated  from  pelagic  fish  which  did  not  feed  on  the  benthos. 

The  catch  was  then  sorted  by  species  and  divided  into  Standard 
length  sis*  classes:  5-9.9;  10-14.9;  15-19.9;  20-24.9;  25- 

29.9}  and  greater  than  30  centimeters.  Individuals  of  the  same 
sped**  end  size  dess  captured  at  the  same  location  were 
processed  for  analysis  according  to  the  procedures  described  by 
Borges on  (1963). 

Stomach  contents  representing  individual  species  size  class 
samples  were  picked  and  sorted  to  major  taxonomic  categories 
(a.g..  Until  uses,  Annelida,  Crustacea,  etc.).  Sorted-by-taxon 
samples  were  Individually  separated  Into  discrete  size  class 
categories  by  a  wet-sieving  procedure  described  by  Carr  and 
Adams  (1973)  and  Sheridan  (1979).  Hst-slevlng  was  accomplished 
using  a  3-inch  diameter  set  of  nested  sieves  from  top  to  bottom 
In  the  following  sequence:  6.35;  3.35;  2.0;  1.0;  0.5;  0.25;  and 
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0.063  millimeters.  In  a  manner  similar  to  the  treataent  of  the 
benthic  samples,  the  stoaach  contents  from  each  sieve  were 
vacuum -filtered  onto  pre-veighed  0.45  aicron  mill i pore  filters. 
Wet-weights  were  recorded  to  the  nearest  0.01  gram  and  the  saaple 
returned  to  a  container  with  702  alcohol.  Weights  were  tabulated 
by  site,  predator  species,  major  taxon,  and  sieve  size  category. 


9.4  Data  Analysis 


Examination  of  the  benthic  data  Indicated  that  large  patches 
of  bloaass,  particularly  in  the  deeper  sediment  fractions,  were 
contributed  by  Holothurolds  and,  rarely,  Bchlnolds.  These  taxa, 
as  evidenced  by  the  fish  stoaach  contents,  were  not  utilzed  as 
prey  iteas  by  any  of  the  target  fish.  Because  their  large 
bloaass  would  otherwise  mask  the  importance  of  contributions  made 
by  the  remaining  benthic  taxa,  Holothuroid  and  Echinoid  biomass 
data  were  deleted  froa  the  benthic  data  set. 

For  each  cumulative  sediment  depth  fraction,  size- 
partitioned  bloaass  data  were  subjected  to  cluster  analysis  to 
assign  benthic  samples  to  clusters  on  the  basis  of  their 
similarities  in  benthos-size  distribution  and  relative  bloaass 
contribution.  Patterns  of  high  or  low  benthic  biomass  and  size 
distribution  were  discernible  when  these  data  were  superimposed 
on  the  grid  of  the  sampling  stations. 

Bach  benthic  bloaass  cluster  was  then  evaluated  in  terms  of 
the  potential  trophic  support  afforded  to  each  predator  group. 
This  step  Involves  summation  of  the  vulnerable  prey  bloaass  from 
the  sediment  surface  down  to  the  lowest  zone  of  prey  availa¬ 
bility.  Thus  each  benthic  cluster  had  a  prey  biomass  for  each 
predator  group  (grams  per  square  meter).  These  values  represent 
the  potential  prey  bloaass  for  target  predator  species,  and  allow 
comparative  estiaates  to  be  aade  of  the  trophic  support  afforded 
by  various  sites  within  each  ZSF. 


9.3  Results 


In  the  HLAI  analysis  benthic  saaples  were  sorted  into  major 
taxonomic  categories.  Annelids  and  molluscs  comprised  the  asjor 
components  of  the  benthos  at  almost  all  study  areas.  In  terms 
of  bloaass,  annelids  generally  dominate  the  benthos  in 
Commencement  Bay,  at  the  Elliott  Bay  Priority  1  site,  and  at  the 
Port  Gardner  Priority  1  site.  Visual  Inspection  of  the  benthic 
saaples  indicated  that  polychaetes  of  the  families  Ophilildae, 
Spionidae,  and  Maldanldae  were  important  members  of  the  infauna. 
Molluscs,  primarily  bivalves  of  the  genera  Axlnopslda  and 
Macoaa,  were  found  at  all  study  areas,  but  were  dominant  at  both 
the  Port  Gardner  and  Elliott  Bay  Priority  2  sites.  Annelids 


appear  Co  be  laporCant  members  of  the  benthos  in  the  Saratoga 
Passage  ZSF.  Crustaceans ,  largely  ayslds  and  nud  shriap, 
contributed  generally  less  than  ten  percent  to  the  seen  bioaass 
at  any  ZSF. 

Figure  H. 9-3  shows  the  vertical  distribution  of  bioaass  at 
stations  within  the  Priority  1  and  2  disposal  sites  in  the  four 
study  areas.  These  curves  show  the  aean  values  within  the 
disposal  sites.  It  will  be  seen  later  that  the  fish  collected 
appeared  to  be  foraging  In  two  depth  ranges:  0-5  and  0-10 
centlaeters.  Therefore  the  discussion  of  bioaass  will  be 
restricted  to  the  0-10  centiaeter  range.  Throughout  this  range 
the  bioaass  in  Saratoga  Passage  lies  substantially  below  the 
values  In  the  other  areas  of  Puget  Sound.  Within  Port  Gardner 
the  bioaass  In  the  Priority  1  disposal  site  equals  approrlaately 
half  of  that  found  in  die  Priority  2  site.  In  Elliott  Bay  the 
bioaass  Is  approrlaately  equal  In  the  Priority  1  and  2  disposal 
sites.  In  Coaaenceaent  Bay  the  bioaass  Is  approrlaately  equal  in 
the  0-5  centiaeter  depth  range ,  whereas  between  5-10  centlaeters 
the  Priority  2  site  has  nearly  throe  tlaea  greater  bioaass  than 
the  Priority  1  site. 

Benthic  bioaass  data  were  clustered  using  size-partitioned 
and  total  bioaass  as  attributes  for  each  station.  Thus  stations 
froa  different  study  areas  could,  based  on  their  similarity  in 
bioaass  distribution,  occur  In  the  asae  cluster.  Importantly ,  it 
should  be  noted  that  clusters  ore  formed  independent  of  taxonomic 
corn position.  In  this  data  set,  there  appeared  to  be  no 
remarkable  differences  aaong  aost  stations  In  their  size- 
partitioned  bioaass  distribution.  As  s  result,  although  bioaass 
data  were  transformed  prior  to  clustering,  total  bioaass  at  a 
station  was  an  la  portent  determinant  of  duster  composition . 

A  total  of  22  species-size  doss  samples  were  used  in  the 
analysis  meeting  a  criterion  ssaple  size  of  at  least  three 
atoaachs  containing  Identifiable  material  (Table  II. 9-1).  Among 
these  spedes-slze  classes,  a  total  sample  of  244  stomachs  were 
exaalned.  The  ssaple  size  was  unequal  aaong  species  and  study 
areas,  generally  reflecting  the  composition  of  the  catch.  For 
example,  slender  sole  was  the  most  abundant  species  captured, 
although  insufficient  nuabers  were  taken  at  Coaaenceaent  Bay  to 
comprise  a  ssaple.  In  contrast,  Dover  sole  ranked  second  in 
abundance,  but  were  not  present  In  sufficient  nuabers  to  form  a 
spedes-slze  class  at  Saratoga  Passage,  bglish  sole  were 
present  at  Commencement  Bay  and  Port  Gardner,  but  were  not 
captured  elsewhere.  Flathead  sole  and  Rex  sole  were  taken  in 
saall  nuabers  at  Elliott  b»t,  and  Commencement  Bay  and  Elliott 
Bay  respectively.  The  largest  catch  (121  fish)  was  taken  at 
Elliott  Bay,  whereas  both  Commencement  Bay  and  Saratoga  Passage 
were  represented  by  substantially  smaller  catches.  Dover  sole 
sad  fitgllsh  sola  wars  represented  in  the  catch  by  relatively 
larger  size  d asses  (greater  than  20  centlaeters).  Descriptions 
of  the  five  species  of  sole  are  given  below. 
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Slender  Sole  (Lyopsetta  exilis)  -  The  aoderate  sized  south 
gape  and  large  eyes  are  Morphological  features  of  this  species 
that  fit  a  feeding  strategy  for  utilisation  of  active,  noblle 
prey.  The  diets  of  slender  sole  in  the  5-9.9  and  10-14.9 
cen tine ter  size  classes  consisted  largely  of  aysids,  which  were 
probably  taken  eplbanthlcally  or  in  the  water  coluan  Just  above 
the  bottoa.  Soae  Indication  of  predation  on  Infauna  was 
evidenced  by  snail  percentages  of  neaatodea,  aaphlpoda,  and 
polychaetes.  Slender  sole  In  the  15-19.9  centlneter  class  ate 
somewhat  aore  diversified  prey  lteas .  My a Ida  and  decapods 
coa prised  aost  of  the  dicta,  but  also  present  were  cope pods, 
bivalves,  polychaetes,  aaphlpoda,  and  neaatodes. 

Dover  Sole  (Mlcroetoaus  paciflcua)  -  In  contrast  with  the 
slender  sole,  Dover  sole  display  the  classic  Morphological 
features  of  sa  lafaunal-feedlng  flatfish.  The  teralnally  placed 
aouth  has  a  sa all  gape  and  is  asyanetrical,  facilitating  downward 
orientation  during  feeding.  Most  Dover  sole  size  class  saaplea 
fed  largely  on  annelids.  Bivalves  were  also  iaportant, 
particularly  for  larger  size  classes  (25-29.9  and  30-34.9 
centlaetera)  at  the  Port  Gardner  Priority  2  disposal  site.  Dover 
sole  taken  froa  the  Elliott  Bay  Priority  2  disposal  site 
exhibited  cooperatively  high  diversity  of  stoaach  contents. 
Including  aysids,  aaphlpoda,  cuaaceans.  Isopods,  and  oatracods  in 
appreciable  aaousts. 

fiigllsh  Sole  (Parophrys  vetulus)  -  This  species  also  shows 
the  aorphologlcal  features  characteristic  of  an  Infaunal-feeder. 
Saaplea  of  Bigllah  sole  were  obtained  only  at  Coaaencenent  Bay 
and  Port  Gardner.  At  Coaaencenent  Bay,  fish  In  the  20-24.9 
centlaeter  size  class  preyed  aslnly  on  polychaetes,  with  bivalves 
foralng  a  saaller  portion  of  the  diet.  The  saae  size  class  at 
the  Port  Gardner  Priority  1  disposal  site  had  a  slallar  diet, 
with  the  addition  of  urochordates.  In  contrast,  two  samples  at 
the  Port  Gardner  Priority  2  disposal  site  fed  primarily  on 
bivalves . 

Flathead  Sole  (Hlppoglossoldes  el as sod on)  -  Flathead  sole, 
having  a  relatively  large  aouth  gape,  displayed  a  feeding 
strategy  similar  to  that  of  the  slender  sole.  In  the  present 
study  saaplea  of  flatheed  sole  were  obtained  only  at  Elliott  Bay 
In  the  vicinity  of  the  Priority  1  disposal  site.  The  saallest 
else  dess  (10-14.9  centimeters)  had  a  high  proportion  of 
neaatodes  In  their  stoaachs,  with  aysids  and  aaphlpoda  being  of 
secondary  Importance.  Pish  in  the  15-19.9  centlaeter  size  class 
had  stoaach  contents  which  varied  greatly  aaong  saaplea,  but  were 
doainated  by  decapods,  fish,  and/or  bivalves. 

Bex  Sole  (Glyptocephelus  zechlrus)  -  The  rex  sole  Is  another 
aaall-aouthed  flatfish.  Only  two  rex  sole  saaples  were 
obtained.  One  rex  sole  taken  at  Coaasnceaent  Bay  contained 
largely  unidentifiable  digested  aaterlal.  A  fish  (5-10 
centlaetera)  froa  the  Elliott  Bay  Priority  1  disposal  site  had 
eaten  decapods,  cope  pods ,  sad  aaphlpoda. 


The  results  of  the  cluster  analysis  and  graphical  treatment 
of  tha  food  habits  bioassa  data  war*  used  to  classify  apsclaa  and 
size  classes  into  pray  sice  feeding  strategy  groups  as  described 
in  Ihble  II. 9-2.  Table  II. 9-3  lists  the  fish  species  and  size 
classes  that  were  assigned  to  each  group.  Note  that  in  soae 
instances  the  sane  size  class  of  the  sene  fish  species  exhibits  a 
different  feeding  strategy  at  different  locations.  For  exaaple, 
Bigllsh  sole  representing  the  23-29. 9  cantina ter  size  class  froa 
the  Port  Gardner  Priority  2  dlspoeal  site  and  reference  site  fell 
into  groups  II IA  and  LIB,  respectively.  The  differences  noted 
are  probably  attributable  to  subtle  patchiness  in  the 
distributions  of  the  benthos. 

Observed  differences  in  pray  size  exploitation  patterns  by 
the  sane  species  and  size  class  captured  froa  two  locations  lead 
to  questions  regarding  feeding  efficiency.  Data  on  the  weight  of 
each  fish  stoat ch  contents  senple  and  the  nuaber  of  stoaachs  that 
coaprlsed  each  pooled  saapla  were  used  to  calculate  the  aean 
weight  of  food  in  each  saapla  (Table  II. 9-4).  These  calculations 
indicated  no  substantial  differences  in  feeding  efficiencies 
aaong  the  study  areas. 

Fbr  each  fish  group  a  determination  was  aade  of  the  portion 
of  the  total  benthic  bioassa  that  was  both  vulnerable  and 
available  to  predation.  Those  portions  of  the  total  bloaass 
determined  to  be  either  too  snail  or  too  large  to  fit  a  predator 
group's  feeding  strategy  (not  vulnerable),  or  beyond  that 
predator  group's  foraging  depth  (not  available)  were  deleted  froa 
the  appropriate  cluster's  total  bioassa. 

Comparison  of  the  taxonomic  cob position  of  the  stomach 
contents  of  fish  size  class  samples  in  each  predator  feeding 
strategy  group  revealed  that,  in  several  cases,  a  group  consists 
partially  or  mainly  of  e pi benthic  rather  than  Infaunal  feeders. 
Groups  which  contain  no  evidence  of  Infaunal  feeding  (i.e.. 

Groups  II,  HD,  and  IIIB)  are  of  little  Importance  in  assigning  a 
value  to  the  benthos  as  trophic  support.  Therefore,  these  groups 
received  no  further  consideration  in  the  analysis.  Groups  IIA, 
IIB,  IIC,  and  II1A,  however,  do  contain  fish  saaples  that  have 
utilised  Infaunal  prey  lteas  and  are  treated  below. 

First,  an  satinets  was  aade  of  the  size  range  of  prey  being 
exploltated  by  a  given  predator  group.  Table  II. 9-2  lists  the 
benthic  prey  sizes  observed  contributing  at  least  ten  percent  to 
the  overall  diet  for  each  of  the  various  fish  groups.  Second,  a 
determination  was  aade  of  the  foraging  depth  of  the  selected  fish 
groups.  This  is  the  most  subjective  step  in  the  overall 
analysis,  and  requires  extensive  Investigation  of  the  data  sets. 
For  exaaple,  if  polychaates  are  the  najor  prey  taxon  of  a 
particular  predator  group,  examination  of  the  vertical 
distribution  of  vulnerable  polychaete  bloaass  in  the  sedlaents  at 
stations  adjacent  to  tha  trawl  transects  froa  which  the  fish 
saaples  were  captured  can  provide  Insight  into  the  probable 
foraging  depth  of  those  fishes.  If  the  major  concentration  of 
vulnerable  polychaete  bloaass  lies  between  two  and  five 
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centimeters,  then  a  concl union  can  be  reached  that  the  fishes  are 
exploiting  the  0-5  centimeter  sediment  depth  fraction.  This 
approach,  however,  wist  consider  the  behavior  of  the  specific 
prey  Items.  Many  species  of  polychaetes  which  build  tubes  deep 
into  the  sediment  are  surface  deposit-feeders.  Although  fish  are 
able  to  crop  the  expoeed  portions  of  the  annelids  at  the  sediment 
surface,  the  biomass  for  these  polychaetes  nay  actually  be  found 
quite  deep  in  the  box-corer  samples.  During  sampling  these  and 
other  annelids  might  be  expected  to  retract  downward  into  their 
tubes.  Based  on  considerations  such  as  these,  an  estimated 
foraging  depth  for  each  predator  group  was  reached. 

The  results  of  the  benthic  resource  computations  for  each  ZSF 
are  presented  in  Figures  11.9-4  through  11.9-7.  For  example,  for 
Group  I1A  and  UC  predators,  a  five  centimeter  foraging  depth  was 
used.  From  the  total  available  biomass  in  the  0-5  centimeter 
sediment  depth  sons,  that  portion  of  the  available  biomass 
outside  of  the  vulnerable  range  of  prey  slse  was  removed.  This 
operation  was  repeated  for  each  0-5  centimeter  benthic  stratum  at 
each  station.  The  biomass  remaining  was  then  a  measure  of  the 
potential  benthic  biomass  that  could  be  potentially  exploited  as 
food  by  Group  IIA  fish  at  stations  in  that  respective  depth 
range.  For  Croup  I IB  and  X11A  fish  a  zero  to  ten  centimeter 
foraging  depth  was  used. 

An  Initial  statement  of  the  limits  of  the  data  la  required. 
Because  the  data  represent  a  single  summer  sampling  effort, 
extrapolation  of  the  results  to  a  complete  seasonal  cycle  is 
Impossible.  However,  the  data  do  describe  conditions  during  a 
period  when  benthos  were  actively  being  exploited  by  fish 
populations.  A  second  limitation  of  the  data  is  that  sampling 
effort  was  wequal  among  study  areas  such  that  not  all  species 
were  sampled  at  each  site.  This  reflects  variation  in  the 
habitat  preferences  of  the  selected  species.  Sufficient  data 
were  obtained  to  reach  conclusions  regarding  two  key  target 
species:  Dover  sole  and  fiagllsh  sole.  Populations  of  slender 
sole,  flathead  sole,  and  rex  a ole  were  present  at  several  study 
areas  during  sampling,  although  they  were  preying  heavily  cm 
non-lafaunal  organisms.  Hyslds  In  particular  appeared  to  be 
abundant  at  both  Saratoga  Passage  and  Elliott  Bay,  as  evidenced 
by  the  proportions  of  this  taxon  la  the  fish  food  habits 
samples.  During  those  times  when  ays Ids  and  other  eplbenthlc 
prey  become  1ms  available,  these  predator  species  probably 
become  more  dependent  upon  infaunal  prey. 

Despite  the  patchiness  in  the  biomass  svailable  to  the  fish, 
come  trends  are  apparent  in  the  contoured  data.  Because  of  low 
potential  biomass ,  the  amount  that  Is  available  to  all  the 
predators  In  Saratoga  Passage  Is  also  quite  low  compared  with 
values  in  the  three  embayments.  It  My  be  that  the  biomass  in 
Saratoga  Passage  Is  typical  of  typical  mid-channel  areas  of  Puget 
Sound  located  away  from  the  more  productive  embayments. 
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In  Port  Gardner  the  bloaaea  available  to  the  four  groupa  of 
predatora  deereaaea  from  eaat  to  veat  (Pig.  II. 9-5).  In  Elliott 
Bay  there  la  a  deereaae  with  Increased  distance  offshore  froa  the 
vicinity  of  Four  Mile  Bock  (Pig.  II. 9-6).  In  inner  Elliott  Bay 
several  anoaaloua  values  are  superimposed  on  the  trends.  For 
Groups  IIA,  I IB,  and  UC  the  bloaaea  decreases  toward  the 
northwest,  whereas  for  Group  IIIA,  the  decrease  occurs  toward  the 
northeast.  In  Coaaenceaent  Bay  the  distribution  Is  quite  patchy 
and  It  la  difficult  to  determine  regional  trends  (Pig.  II. 9-7). 


TABLE  II. #-1  DISTRIBUTION  OF  FI  SB  BTOHACB  CORTBBT  BAMPLXS  AMMO  FOUR  ZSFS . 
FSSR  LtMOTB  EQUALS  STANDARD  LEBOTR. 


Emm  *2  Siting  F*a*iBlllty  (ZSF ) 


Fish  Sp*cl*a 

Saratoga  1 

Length  l 
(ea) 

tangle" 

(•> 

Fart  Sa 
Length 
(ea) 

Bang!* 

(*) 

Elliott 

Length 

(e*| 

Say 

Saapl* 

<•) 

Coaa*nc*n*nt  Say 
Length  Saapl* 
(ea)  (*) 

Total 

Dovnr  Sola 

18-20 

3 

20-21 

• 

25-30 

3 

70 

20-21 

13 

25-30 

7 

30-35 

9 

28-SO 

13 

30-35 

10 

10-28 

3 

Slender  Sol* 

10-15 

7 

11-20 

4 

5-10 

5 

97 

11-20 

12 

10-15 

23 

11-20 

45 

English  Sol* 

20-21 

33 

20-25 

• 

53 

21-10 

17 

Flathead  Sol* 

10-15 

5 

SB 

15-20 

13 

tax  Sol* 

5-10 

10-15 

3 

6 

TOTAL  It  SI  111  23  244 


tabu  xx.o-3  dsocbxptiom  or  put  size  pudimo  othateoy  oboopo 


Oroup  X  -  Fish  (Mdiag  on  prop  loos  than  or  hmI  to  1.0  ■■  or  aaallar 
with  o  nodal  pray  also  of  approxloatoly  0.3*  ■lllloator.  Mo 
representations  of  thla  group  wora  found  In  thla  data  aat. 

Group  XI  -  Plah  that  exploit  a  rang#  of  pray  olsaa  and  that  ara  not 
elaarly  aaall  pray  or  largo  pray  oxploitara.  Oroop  XX 
contain*  four  aubgroopa: 

Group  XXA  -  flah  that  axplolt  pray  hatwaan  0.25  and  2.0 

all  lloatara.  A  pray  alsa  aoda  of  0.5  all  lino  tor 
hu  indlcatad  for  honthlc  pray  ltano. 

Group  XXB  -  riah  that  axplolt  pray  hatwaan  0.3  and  2.33 

nil llaatara.  A  pray  alxa  aoda  of  2.0  nllllnatara 
waa  indlcatad. 

Group  XXC  -  flah  that  axplolt  pray  hatwaan  0.3  and  3.33 

nllllnatara.  A  pray  olxa  aoda  or  3.33  nllllnatara 
waa  Indlcatad. 

Group  XX0  -  Plah  that  exploit  pray  in  the  3.33  nllllaatar 
also  category. 

Group  XXX  -  Plah  that  do  not  axplolt  anal l-o lead  pray.  Exploitation 
la  prudoalnantly  anang  pray  that  ara  greater  than  3.33 
nllllnatara.  group  XXX  oontalna  two  oubgroupo: 

•roup  XXIA  -  Plah  that  exploit  pray  in  the  Intermediate  alsa 
range  10.1-2.0  nllllnatara).  but  the  pray  alsa 
aoda  la  0.33  nllllnatara. 

•roup  XXXB  -  Plah  that  axplolt  only  pray  la  the  0.30 
allliaoter  slsa  category. 
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COMPOSITION  OP  PMY  SZZt  PHOZMO  STRATEGY  GROUPS 


Plata 

Group 

Spocloo 

Slxo  Clooo 

(contlnotoro) 

Munbor 
of  Ploh 

Slto 

XX 

Plothood  Solo 

10-18 

8 

Blllott  Boy 

XXA 

Box  Solo 

8-10 

3 

Blllott  Boy 

Slotador  Solo 

$-10 

8 

Blllott  Boy 

Slowdor  Solo 

10-18 

10 

Blllott  Boy 

Slondor  Solo 

18-80 

18 

Blllott  Boy 

Dovor  Solo 

18-80 

3 

Port  Gordnor 

Dovor  Solo 

80-38 

8 

Port  Gordnor 

Dovor  Solo 

80-38 

4 

Blllott  Boy 

ZZB 

Slondor  Solo 

10-18 

7 

Sorotogo  Poosogo 

Slondor  Solo 

18-30 

13 

Sorotogo  Poosogo 

Slondor  Solo 

18-80 

4 

Port  Gordnor 

Dovor  Sola 

88-30 

3 

Port  Gordnor 

Oovor  Solo 

88-30 

3 

Port  Gordnor 

Oovor  Solo 

38-30 

7 

Blllott  Boy 

Dovor  Solo 

30-38 

3 

Connanccnont  Boy 

Oovor  Solo 

30-38 

8 

Coononcenont  Boy 

Bnallota  Solo 

80-38 

8 

Comonccocnt  Boy 

Bnalloh  Solo 

80-88 

Port  Gordnor 

Bnglloh  Solo 

88-30 

3 

Port  Gordnor 

XZC 

Slondor  Solo 

18-80 

8 

Blllott  Boy 

Oovor  Solo 

30-38 

8 

Blllott  Boy 

Oovor  Solo 

80-38 

8 

Port  Gordnor 

Dovor  Solo 

38-30 

7 

Port  Gordnor 

Dovor  Solo 

30-38 

3 

Port  Gordnor 

Bnglloh  Solo 

80-38 

30 

Port  Gordnor 

zxo 

Box  Solo 

10-18 

3 

Connoncenont  Boy 

ZZZA 

Plothood  Solo 

18-30 

8 

Blllott  Boy 

Slondor  Solo 

10-18 

7 

Blllott  Boy 

Slondor  Solo 

10-18 

3 

Blllott  Boy 

Slondor  Solo 

18-30 

10 

Blllott  Boy 

Slondor  Solo 

18-30 

11 

Blllott  Boy 

Bovor  Solo 

88-30 

3 

Conooncooont  Boy 

Dovor  Solo 

30-38 

10 

Blllott  Boy 

Bnglloh  Solo 

38-30 

14 

Port  Gordnor 

XXXB 

Plothood  Solo 

18-80 

3 

Blllott  Boy 

Plothood  Solo 

18-30 

4 

Blllott  Boy 

Slondor  Solo 

10-18 

3 

Blllott  Boy 

3 
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TABU  XX.B-4  BUSING  BBBXCXBMCY  OB  7XSH  S AMBUS  AT  BOOK  ZSBB  AS  XSOXCATSO  BY  MSAK 
MKIORT  OB  BOQO  XTSMB  (XNCLOOING  BKBTBOB  AMO  BOSTON)  BBS  STOMACH. 

Nma  Height  of  BooS  Bor  Blob  Btoooch 


Specie* 

Bioli  Ungth 

Borates* 

(Orooo)  oaS  a 
Bert 

topi*  oiso  (#) 

tiliott  Coa 

MMACtM(\ 

(cantiootoro) 

Boooos* 

Gardner 

say 

toy 

Slender  Bel# 

S-10 

0.094 

(9) 

10-19 

0.112  (7) 

o 

M 

• 

o 

(4) 

0.102 

(23) 

19-20 

0.120  (12) 

0.209 

(49) 

Dover  Sol* 

19-20 

0.30B 

(3) 

20-29 

0.442 

(131 

0.991 

(9) 

29-30 

0.993 

(13) 

0.923 

(7) 

0.413 

(3) 

20-39 

0.924 

(3) 

2.999 

(10) 

0.799 

(9) 

Snslleh  Sole 

20-29 

0.731 

(29) 

0.771 

(9) 

29-20 

1.909 

(17) 

Flathead  Sol* 

10-19 

0.094 

(9) 

19-20 

0.912 

(13) 

Bax  Sol* 

9-10 

0.939 

(3) 

10-19 

0.097 

(3) 
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Table  II.*-#  STATISTICAL  ANALYSIS  OF  POTSMTIAL  HABITAT  FOOD  VALOS.  MKAN  AMD 

STANDAMD  OBVIATIONS  HAVB  OMITS  OF  BIOMASS  IM  OKAMS  FSM  SQOAMB  MSTBR. 

Flah  Priority  t  Priority  a 

Feeding  Study  Naan  standard  taapla  Coefficient  Naan  Standard  Saapla  Coefficient 

•roup  area  davlaton  else  of  variation  deviation  also  of  variation 


IIA 

Saratoga  Paaaaga 

3.0 

0 

4 

0 

Port  Gardner 

13.3 

3.4 

4 

.30 

19.3 

0 

3 

0 

Elliott  Bay 

13.1 

4.* 

0 

.40 

13.9 

3.9 

9 

.19 

Coananeoaant  Bay 

13.3 

3.* 

4 

.33 

13.0 

3.4 

4 

.19 

lie 

Saratoga  Paaaaga 

4.4 

O 

4 

0 

Part  Gardner 

IT. • 

3.0 

4 

.31 

39.7 

0 

O 

BUlott  Bay 

IS. 7 

d.S 

0 

.41 

33.7 

0.2 

9 

.27 

Coaaawcaaant  Bay 

1S.S 

4.1 

4 

.31 

19.0 

0.3 

4 

.32 

IIS 

Saratoga  Paaaaga 

4.9 

O 

4 

0 

Port  Gardner 

1*.S 

S.# 

4 

.33 

30.3 

1.0 

3 

.09 

Blllott  Bay 

31.3 

s.s 

0 

.4# 

34.0 

7.7 

9 

.33 

Coananeaaant  Bay 

3S.S 

s.s 

4 

.30 

39.1 

9.9 

4 

.39 

IIIA 

Saratoga  Paaaaga 

7.3 

0 

4 

0 

Port  Gardner 

13.1 

11.0 

4 

.04 

43.0 

29.0 

3 

.97 

Blllott  Bay 

31.0 

30. « 

0 

i.sa 

17.1 

11.0 

9 

.94 

Coaaencenent  Say 

34.3 

S.S 

4 

.41 

39.1 

29.9 

4 

.76 

) 


XI- 190 


BENTHIC  RESOURCES  ASSESSMENT 
TECHNIQUE 


(  BRAT  ) 


ACTIVITY 


PURPOSE 


ACTIVITY 


DEFINE  FORAGING 
DEPTH. 


DEPME  VERTICAL 
DttTMDUTtON  OP 
PARTICULATE  BIOMASS 
OP  SPECIFIC  SIZES. 


DEFINE  PREY  SIZE 

EXPLOITATION 

PATTERN. 


ESTIMATE  FEEDING 
HABITAT  VALUES 
FOR  DIFFERENT 
DEMERSAL  BOTTOM 
FEED  WO  FISHES. 


Figure  I I. 9-1  The  Major  steps  of  the  BRAT,  up  to  the  statistical 
and  numerical  analysis.  Involved  In  determining  the 
potential  trophic  support  of  a  given  soft-bottom 
habitat . 


FISH  FOOD  HABITS  DATA 

PREY  SIZE  /BIOMASS 
BY  PISH  SIZE  CLASS 

<? 

CLUSTER  ANALYSIS 

PREDATOR  FEEDING 
STRATEGIES 

DEFINED  BY  PREY 
EXPLOITATION  PATTERNS 

I  J  I 


BENTHOS  DATA 

SIZK/BIOMABS. 
VERTICAL  DISTRIBUTION 


0 


PREDATOR  GROUPS 
ABC 

I  I  I 

COMPARISON  WITH 
BENTHOS  DATA 

J  !  J 


CALCULATION  OF  TOTAL 
AVAILABLE  PREY  BIOMASS 


(FOR  EACH  GROUP) 


CALCULATION  OF  TOTAL 
POTENTIAL  TROPHIC  SUPPORT 


Figure  II. 9-2  The  final  eteps  Involved  In  determining  the 

potential  trophic  support  of  a  given  soft-bottom 
habitat . 


) 
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MtMMtMT  DC  PTH  knl  I  SCOIMCNT  DCPTHtemt 


MOMASS  l«/m*l 


MOM  ASS 


Saratc 


MOMASS  lf/»*l 


MOM  ASS  If /nt'l 


wiRmi 


:2  II 

Clffott  Bay 


Commancamant  Bay 


Figure  XX. 9-3  Vortical  prof i loo  of  bioaaos  within  tho  four  ZSFs. 

Xn  aach  Z8F  tha  valuao  wara  avaragad  in  tha  Priority 
I  (solid  lino)  and  Priority  3  (dot tad  lino)  areas. 
Tha  nuaber  in  pa ran thesis  indicates  tha  nuaber  of 
aa^las  used  in  tha  average.  (Bourca:  adapted 
froa  Clarke,  19B6) 
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Figure  11.9-6 


Benthic  biomass  potentially  available  In  Elliott  Bay 
to  four  groups  of  fish  (see  Table  II. 9-3  for 
composition):  IIA;  III:  IIC;  and  IIIA.  Unite  of 

biomass  are  In  grams  per  square  meter.  (Source: 
adapted  from  Clarke,  1996) 
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figure  XX. 9-7  lent  hie  bioaaea  potentially  available  in  Coaaenceaent 

to  four  groupa  of  fiah  (eee  Table  XX. 9-3  for 
eoapoeltlen):  IXA;  III;  XXC;  and  XXXA.  Unite  of 
bloaaaa  are  in  graaa  per  aquare  aeter.  (Source: 
adapted  froa  Clarke,  1999) 
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10.  SELECTION  OF  KECOMfENDED  DISPOSAL  SITES 


The  final  locations  raco— adtd  for  the  disposal  sites  were 
determined  In  two  stages.  First,  the  final  slse  and  shape  of  the 
disposal  site  was  chosen;  and  second,  the  chosen  slse  was 
overlaid  on  the  various  naps  of  hydraulic  characteristics, 
sedlaanta,  and  biological  resources.  FOr  each  service  area,  a 
preferred  and  an  alternate  disposal  site  was  chosen. 


10.1  Objective 


The  objective  of  this  chapter  Is  to  discuss  the  slse,  shape, 
and  locations  of  the  recotmeeaded  disposal  sites.  These  choices 
are  aunanrlzed  by  overlaying  the  preferred  and  alternate  disposal 
sites  on  the  ZS7  naps. 


10.2  Disposal  Site  Delineation 


The  satins  ted  slse,  orientation,  and  configuration  of  the 
disposal  sites  were  determined  by  combining  results  of  the 
numerical  dredged  material  disposal  nodal,  sediment  de positional 
analysis,  and  bathynstrlc  and  tidal  current  data.  The  disposal 
nodal  provided  estimates  of  the  are a  over  which  the  material 
night  spread  for  a  single  disposal  from  a  barge  for  varying  water 
depths  and  current  speeds.  Using  bathynetry  and  tidal  current 
conditions  the  appropriate  set  of  dunp  nodal  results  were 
selected  to  predict  the  representative  deposltlonal  patterns; 
however,  the  results  represented  only  the  effects  of  a  single 
barge  load  of  dredge  notarial.  An  estimate  of  the  deposition 
pattern  that  will  evolve  over  a  long  period  of  tine  was 
calculated  by  assuming  that  a  large  nunber  of  barge  loads  of 
dredged  notarial  will  be  disposed  of  randomly  throughout  an 
1800-foot  diameter  disposal  sons.  Fbr  areas  with  low  tidal 
currents,  die  resulting  disposal  pattern  is  a  circle,  concentric 
with  the  1800  foot  diameter  disposal  gone.  This  circle  has  a 
diameter  of  approximately  4000  feet  for  depths  ranging  between 
200  and  400  feet.  Figure  II. 10-1  gives  a  plan  and  elevation  view 
of  the  disposal  sits  parameters. 

The  final  orientation  and  configuration  of  a  disposal  site 
was  estimated  by  considering  the  deposltlonal  analysis  and  the 
effects  of  bottom  slope.  Table  II. 10-1  provides  the  locations  of 
the  center  of  each  disposal  site;  Its  area,  depth  and 
dimensions.  Table  II. 10-2  conpares  the  paraneters  that  were 
examined  In  the  site  specific  studies,  for  the  preferred  and 
alternate  disposal  sites. 
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10.2.1  Fort  Gardner— 


Jha  Port  Gardner  proforrod  disposal  site  la  situated  in  a 
depth  of  420  feet  on  a  cooperatively  flat  plane  (Fig.  11.10-2). 
Botton  slopes  are  1ms  than  one  foot  of  vertical  elevation  on  200 
teat  of  horizontal  distance.  Therefore  botton  slopes  are  not 
expected  to  Influence  the  shape  of  the  dispoaal  site.  Udal 
current  and  da positional  analysis  data  Indicate  that  the  site  Is 
subject  to  wash  currents.  Since  the  naan  speeda  near  the  botton 
averaged  0.23  feet  per  second  at  the  center  of  the  proposed 
dispoaal  site*  the  closest  disposal  nodal  results  (400-foot  depth 
and  a  0.1  feet  per  second)  currant  were  used  to  eatlwte  the 
extent  of  the  dispoaal  site.  Because  botton  slope  and  tidal 
currents  should  not  significantly  alter  the  dispoaal  site 
configuration ,  the  delineated  site  la  a  4000-foot  disaster  circle 
that  la  concentric  with  the  1800-foot  disaster  drop  sane. 

The  Port  Gardner  alternative  dispoaal  site  varies  frae  330  to 
425  feet  deep.  The  botton  slopes  toward  the  southwest  with  an 
average  slops  of  about  one  to  forty,  low  current  speeds  Indicate 
that  the  disposal  alts  la  dapoeltlonal.  De positional  analysis 
results  are  Inconclusive  as  to  whether  or  not  this  site  Is 
dc positional,  however  the  nedlsn  grain  size  Is  nsdlua  silt  which 
helps  to  Indies re  a  dapoeltlonal  area.  Abundances  of  both  crab 
and  shrlap  are  low  throughout  the  site  which  Indicates  little 
Inpact  on  biological  resources. 

Approxlaately  one-half  of  this  site  nay  be  potentially 
covered  by  the  site  which  the  U.S.  Navy  proposes  to  use  for  their 
preferred  disposal  site  to  acconodate  aaterlal  free  the  proposed 
hone port  facility  In  the  east  waterway. 


10.2.2  Saratoga  Faasage — 


The  Saratoga  Passage  site  la  a  backup  alternative  site 
located  at  a  depth  of  350  feet.  The  site  Is  relatively  flat  with 
a  total  variation  of  eighteen  feet  (Fig.  II. 10-3).  Current 
apeeda  rarely  exceed  20  centlneters  per  second,  and  this  Is  a  low 
energy  area  Indicating  that  It  is  de positional.  De positional 
analysis  and  snail  grain  size  alao  support  this  as  s  dapoeltlonal 
area.  Crab  were  not  found  In  this  sits  and  shrlap  abundances 
ware  relatively  low. 


10.2.3  Elliott  Bay— 


The  Elliott  Bay  preferred  site  is  located  at  a  depth  of 
200-300  feet  and  is  subject  to  sluggish  tidal  currents  (Fig. 
11.10-4)}  therefore,  the  dredged  aaterlal  disposal  aodel 
results  for  a  400-foot  depth  and  a  0.1  feet  per  second  (0.06 
knot)  current  were  used  to  estlaate  the  extent  of  the  aaterlal 
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deposition.  The  site  Is  located  in  a  submarine  valley  with 
relatively  steep  aides  and  a  downward  slope  varying  between  one 
foot  vertical  on  thirty  feet  horizontal  to  one  foot  vertical  on 
SO  feet  of  horizontal  distance .  These  bathymetric  features 
probably  will  play  a  significant  role  In  determining  the  size  and 
shape  of  the  disposal  area.  The  anticipated  site  will  be  a 
teardrop-shaped  area  having  a  width  of  approximately  4000  feet 
and  a  length  of  approximately  6000  feet. 

The  Elliott  Bey  alternative  site  is  located  south  of  the 
existing  fburaile  Bock  disposal  zone,  and  allghtly  overlaps  it. 
This  site  lies  In  500  feet  of  water  sloping  to  600  feet  at  the 
southern  end.  The  currents  In  this  site  are  narginal ,  being  in 
the  neighborhood  of  the  threshold  speed  of  25  centlneters  per 
second.  The  de positional  analysis  shews  the  southern  portion  of 
the  site  to  be  de positional  and  the  northern  portion  is 
inconclusive.  Crab  were  not  found  In  this  site  and  shrimp  were 
In  very  low  abundance,  so  that  there  will  be  no  adverse  Impacts 
on  resources. 

Both  sites  In  Elliott  Bay  extend  outside  of  the  original  ZSF 
boundaries.  However,  It  should  be  reaenbered  that  the  selection 
factors  and  constraints  used  to  identify  the  ZSFs,  were  not 
considered  or  applied  as  inviolate  standards.  This  was  because 
they  were  being  used  with  existing  and  available  Information.  As 
checking  studies  and  site  specific  studies  gathered  new 
information  about  the  ZSFb,  adjustments  to  the  boundaries,  and 
later  to  site  Icoatlons,  were  made  as  necessary . 


10.2.4  Coonencemant  Bay— 


Because  of  its  proximity  to  Dalco  Passage,  the  Commencement 
Bay  preferred  site  Is  located  in  the  most  energetic  area  of  the 
proposed  disposal  sites  (Fig.  IX.10-5),  and  It  Is  located  in  the 
deepest  water  (540  to  560  feet).  For  these  reasons,  the 
ntaaerical  medal  results  for  a  simulated  600-foot  water  depth  and 
1/2  knot  (0.85  feet  per  second)  current  were  considered  most 
representative  of  the  expected  deposition  pattern.  This  pattern 
was  approximately  1,000  feet  wide  and  1,400  feet  long.  When  the 
center  of  this  pattern  Is  superimposed  randomly  throughout  the 
1800-feot  diameter  drop  zone,  the  resulting  pattern  is  an  ellipse 
with  its  long  axis  of  4600  feet  oriented  parallel  to  the  tidal 
current  flood -ebb  direction  and  the  short  axis  of  3800  feet.  No 
tidal  current  date  wars  available  at  the  location  of  the 
preferred  disposal  site;  therefore,  the  flood  and  ebb  currents 
ware  determined  Indirectly  from  the  sediment  deposition 
analysis*  The  bottom  slope  Is  approximately  one  foot  vertical  on 
200  feat  of  horizontal  distance,  and  it  la  not  expected  to  have  a 
significant  effect  on  the  disposal  alts  size  or  orientation. 
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The  Co— mic— nt  Bay  alternative  dlapoaal  cite  overlaps  the 
northern  one-third  of  the  preferred  site  t  end  lies  in  the  same 
depth  range  of  540-560  feet.  There  ere  no  direct  current 
—asurs—nts  in  or  near  this  site*  but  contours  of  available  data 
indicate  that  currents  are  dose  to  the  threshold  speed.  The 
de positional  analysis  is  Inconclusive  in  this  site.  No  crab  were 
found  and  shrlap  abundances  were  low. 


10.3  Site  Capacity 


The  else  of  the  disposal  site  is  not  affected  significantly 
by  the  aaterlal  deposited  froai  any  single  barge  load  of  Material, 
but  is  governed  by  the  cuaulatlve  effect  of  —ay  disposals. 
Disposal  —del  data  Indicate  that  the  vast  — jorlty  of  the 
— terlal  froai  each  disposal  will  be  deposited  in  an  area 
■ensuring  approxl— tely  1 ,000  feet  in  die— ter,  or  about  20  acres 
(  8  hectares).  The  overall  sire  of  the  disposal  site  Is  governed 
by  the  aaount  of  —terlal  being  deposited ,  sedlaent  bulking 
factors,  —terlal  characteristics  diet  govern  stable  side  slopes 
of  the  disposal  — und,  effects  of  bott—  slopes,  and  settlement 
characteristics.  Veter  depth  affects  only  the  initial  area  of 
deposition  from  —  individual  duap.  This  ares  would  Increase 
slightly  with  —  Increase  in  —ter  depth,  but  this  Increase  would 
not  affect  the  overall  site  si—. 

Investigations  of  existing  disposal  sites  and  an  evaluation 
of  the  dredged  —terlal  —  dl— nt  characteristics  indicated  that 
sound  side  slopes  of  approxl— tely  1:30  —re  likely  (refer  to 
"Technical  Supples— t  to  Evaluation  of  Dredged  Material  Disposal 
Alternatives  U.S.  Navy  Ho— port  at  Everett,  Washington"). 

PSDDA  — tl— t—  of  site  capacity  assu—  that  the  shape  can  be 
approxl— ted  by  a  truncated  cone  with  a  base  die— ter  of  4,000 
feet  — d  a  die— ter  at  the  top  of  the  cone  equal  to  2,000  feet. 

A  truncated  cone  with  this  geo— try  has  a  volume  equal  to 
approxl— tely  nine  Billion  cubic  yards.  It  was  — suae d  that 
bulking  effects  which  take  place  during  dredging  and  disposal 
operations  will  be  off— t  by  the  long  tern  consolidation  of  the 
disposal  sound.  This  assumption  equates  to  a  one-to-one  ratio  of 
dredged  —terlal  volu—  to  site  capacity  volu— .  Therefore  the 
capacity  of  a  site  with  a  2,000  foot  radius  is  estl— ted  to  be 
approxl— tely  al—  Billion  cubic  yards.  Since  all  three  Phase  1 
sites  have  e  sinlsua  die— ter  of  epproxi— tely  4,000  feet,  each 
site  can  accoaodate  at  le— t  nine  Billion  cubic  yards  within  the 
designated  site  bo— daries.  This  is  two  to  three  tl— s  the 
volu—  projected  for  1985-2000. 
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10,4  0»f  lay  of  the  Bacomnondsd  Disposal  Si  tea  with 

Hydraulic,  Sediment.  and  biologic*!  Characteristics 

lb  complete  the  daacrlpdon,  the  disposal  sites  vara  over- 
layed  on  asps  pr as an  tad  ear liar  describing  the  ZSFs  hydraulic, 
sadlaant,  and  biological  characteristics  snd  submerged  historic 
properties . 


10.4.1  Port  Gardner — 


The  Port  Gardner  preferred  and  alternate  disposal  sites  were 
superimposed  an  asps  of  hydraulic  character la tics  (Figs.  11.10-6 
through  11.10-8),  sadlaant  character lsitlca  (Figs.  11.10-9 
through  11.10-13),  and  biological  resources  (Figs.  11.10-14 
through  11*10-16). 

Field  data  collected  near  the  center  of  the  preferred 
disposal  site  showed  that  the  peak  (12)  speed  near  the  bottom  lay 
below  tha  threshold  for  the  aoveaent  of  newly  deposited  aaterlal 
(Fig.  11.10-6;  PSDDA  current  study,  1986).  At  this  location  the 
total  variance  of  the  currents  was  74  ca2/aec2  and  the  1Z  fastest 
speed  was  only  8  centlaeters  per  second.  The  WES  tidal  nodel 
also  Indicates  that  the  site  lies  In  a  sane  of  weak  tidal 
currents  (Pig.  11.10-7).  Maps  of  aedlnent  characteristic  show 
that  the  site  Is  located  in  an  area  of  high  clay  content  and 
where  the  93Z  confidence  Units  are  exceeded  for  total  volatile 
solids,  biological  oxygen  deaand,  and  water  content  (Figs. 

II. 10-9  through  11.10-13).  The  site  thus  appears  to  be 
depoeltlonal  la  character.  With  respect  to  biological  resources, 
the  site  Is  located  In  an  area  where  populations  of  crab  have  not 
exceeded  100  crab  per  hectare  and  the  population  of  shrimp  has 
not  exceeded  250  shrimp  per  hectare  (Figs.  11.10-14  and  11.10-16). 

Wor  the  approximately  11  of  the  dredged  aaterlal  that  reaalns 
suspended  for  sons  tine  In  the  water  colinmi  the  prevailing 
currents  indicate  that  this  sediment  will  be  transported 
northward  or  westward  away  from  areas  of  high  crab  and  shrimp 
populations  (compare  Figs.  11.10-8,  11.10-14,  and  11.10-15). 

lie  submerged  historic  properties  were  Identified  at  this  site 
through  literature  and  sonar  reconnaissance. 

Since  an  acceptable  disposal  site  was  found  In  Port  Gardner, 
no  further  consideration  was  given  to  locating  a  site  in  the 
alternate  2SF  In  Saratoga  Passage. 

10.4.2  Elliott  Bay— 

The  Elliott  Bay  preferred  and  alternate  disposal  sites  were 
superimposed  on  maps  of  hydraulic  characteristics  (Figs.  11.10-17 
through  11.10-21),  sediment  characteristics  (Figs.  11.10-22 
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through  II. 10-26),  and  biological  reaourcaa  (Figs.  11.10-27 
through  II. 10-29). 

The  aapa  of  currant  atrangth  Indicate  that  the  Fburnile  Bock 
ZSF  Ilea  acroaa  a  strong  gradient  of  tidal  currants  (Figs. 

11.10- 17  through  11.10-20) .  In  the  eastern  portion,  the  current 
variance  averaged  over  the  water  coluan  (Fig.  11.10-17)  and  that 
near  die  water  surface  is  on  the  order  of  SO  ca2/s2.  In  the 
western  portion,  the  variance  increaaea  by  approxlnataly  twofold 
to  100  cn2/s2.  Fran  die  correlations  between  raa  and  peak  speeds 
described  earlier,  these  variances  correspond  to  IX  fastest 
speeds  of  20  cantina tera  per  second  (for  50  cn2/s 2  variance)  and 
27  can tins ters  per  second  (for  100  en2/s2  variance). 

One  of  the  FSDDA  current  no tar  aooringa  waa  placed  in  the 
existing  disposal  site  near  the  age-dated  core  sectioned 
earlier.  The  IX  fastest  speed  equalled  27  centiaeters  per  second 
and  the  analysis  of  the  age  dated  core  suggested  that  some 
dredged  notarial  had  been  eroded  fron  the  upper  part  of  the 
core,  this  speed  is  approxlnataly  equal  to  the  25  centiaeters 
per  second  threshold  speed  at  which  dredged  notarial  begins  to  be 
resuspended.  These  results  suggest  that  the  western  portion  of 
the  fburnile  lock  ZSF  is  sufficiently  energetic  that  dredged 
aster lal  could  be  eroded.  In  the  eastern  portion  of  this  ZSF  the 
IX  speeds  are  estlaated  to  be  less  than  20  centiaeters  per  second 
which  is  below  the  threshold  for  Initiation  of  dredged  notarial 
aound  erosion. 

The  western  portion  of  the  ZSF  appears  to  have  lower  volatile 
solids,  biological  oxygen  daaand,  percent  water,  and  coarser 
sedlnents  than  in  tha  eastern  portion  (Figs.  11.10-22  through 

11.10- 26).  Although  the  aedlnant  patterns  nsy  have  been  altered 
by  previous  disposal  operations,  these  variations  nay  reflect  the 
increased  current  strength  between  the  eastern  and  western  parts 
of  the  ZSF. 

The  Souralle  lock  ZSF  waa  not  chosen  as  the  preferred 
disposal  site  because:  1)  the  possibility  of  erosion  mentioned 
earlier  in  this  chapter;  2)  public  concerns  about  this  site;  and 
3)  a  site  waa  found  in  inner  Elliott  Bay  where  disposed  naterials 
will  not  be  eroded,  as  described  below.  Also,  public  input 
during  the  DSWG  nestings  favored  the  inner  Elliott  Bay  disposal 
site. 


In  extensive  study  of  the  experimental  disposal  site 
located  within  the  inner  Elliot  Bay  ZSF  Indicated  that  dredged 
naterial  was  not  eroded  over  a  several-year  period  (Section 
II. 7. 2.1).  This  conclusion  is  supported  by  the  FSDDA  hydraulic 
and  sediment  studies.  The  total  current  variance  in  the 
disposal  site  is  less  than  30  cn2/s2  (Fig.  11.10-17),  the  IX  peak 
speeds  are  less  than  15  centiaeters  per  second  (Fig.  11.10-18), 
and  the  numerical  nodal  indicates  very  weak  tidal  currents 
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(Fig.  II.  10-19).  The  IS  peak  speeds  11a  wall  below  the  25 
cen tins ter  per  aecoad  threshold  and  apparently  are  Insufficient 
to  resuspend  dredged  natarlal. 

The  aedlnent  character la ties  ahow  that  the  95Z  confidence 
llalta  ware  exceeded  over  aoat  of  the  alee  for  volatile  solids , 
blochanlcal  oxygen  deseed,  and  water  content;  and  the  area  has 
very  fine  grained  aedlnent  (Figs.  11.10-22  through  11.10-26). 
Sedlaant  cores  indicate  that  aedlnanta  deposit  at  the  rate  of 
approxlnately  one  can tine ter  per  year  (Lavelle  at  al.,  1986). 
Because  approxlnately  a  decade  has  elapsed  since  the  experlnental 
disposal  operation  la  1976,  on  the  order  of  ten  centlneters  of 
aedlnent  should  overlie  the  capped  dredged  naterlal  deposit; 
therefore,  the  P5DDA  sedlsant  analysis ,  which  utilized  the  upper 
two  centlneters,  should  not  have  affected  the  Integrity  of  the 
cap  of  experlsental  disposal  operation. 

Taken  together,  the  results  of  the  experlsental  disposal,  the 
hydraulic  characteristics,  and  the  sedlsant  characteristics 
Indicate  that  dredged  naterlal  deposited  in  the  Inner  Elliott  Bay 
disposal  site  will  not  be  resuspended  by  local  currents . 

No  crab  were  found  within  the  disposal  site  during  the  three 
cruises  (February,  Jose,  end  Septenber,  1986;  Fig.  11.10-27). 
Highest  abundance  of  «hrjT  observed  was  370  per  hectare  In 
Septasber  (llg.  11.10-28).  These  quantities  indicate  that  crab 
»i»H  a hr lap  are  not  found  In  cossarcial  quantities  within  the 
proponed  disposal  site. 

The  prevailing  currents,  as  indicated  by  net  current  speed 
and  direction,  are  directed  toward  the  heed  of  Elliott  Bay  near 
the  bottoa  in  the  recoanaaded  disposal  site  (Fig.  11.10-19). 
Because  of  the  low  anlaal  populations,  the  suspended  aedlnent 
carried  by  the  prevailing  currents  is  expected  to  have  alninal 
lapse t  an  the  biological  resources. 

Significant  historical  properties  were  found  by  aide  scan 
sonar  in  Elliott  Bay.  Exhibit  C  discusses  actions  to  avoid 
lapacts  to  these  resources. 

10.4.3  Coansttceaent  Bay — 

The  Coaaenceasst  Bay  preferred  sad  alternate  disposal  sites 
were  auperlapoaed  on  aapa  of  hydraulic  characteristics  (Figs. 

11. 10- 30  through  11.10-33),  sedlaent  characteristics  (Figs. 

11.10- 34  through  11.10-38),  and  biological  resources  (Figs. 

11.10- 39  through  11.10-41). 

Nb  subaarged  historic  properties  were  Identified  at  this  site 
through  literature  search  and  aonar  reconnaissance. 

This  disposal  site  lias  near  a  sharp  gradient  In  the 
strength  of  tidal  currents  (fig.  11.10-33).  Contours 
constructed  froa  die  hydraulic  aodel  Indicate  a  total  variance 
of  approxlaately  100  ca2/s2  near  the  water  surface  (Fig.  II. 10- 
32).  This  corresponds  to  a  IX  peak  speed  of  27  centlneters  per 
second  based  on  the  linear  regression  presented  earlier.  The 
WES  nuasrieal  tidal  aodel  Indicates  a  peak  speed,  as  averaged 
over  the  water  coluan  for  an  extreae  spring  tide,  of  20  centl- 
aatera  per  second  (Fig.  11.10-31).  However,  neither  of  these 
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estimates  have  substantial  uncarta In tiea  because  they  aay  not  be 
representative  of  conditions  near  the  bottoa.  There  are  no 
direct  current  asasurenants  in  the  vicinity  of  the  disposal 
site*  For  these  reasons  the  choice  of  a  disposal  alts  location 
was  guided  priaarily  by  the  de positional  analysis  results,  and 
the  patterns  of  sediment  characteristics . 

The  preferred  disposal  site  Ilea  in  an  area  where  the 
■sdlasnt  properties  are  anomalous,  suggesting  that  here  the 
sediasnts  tend  to  deposit  rather  then  erode.  In  tills  area  the 
percentage  clay  is  elevated  above  15Z,  the  water  content  exceeds 
SOX,  the  volatile  solids  exceed  4X,  and  the  biochemical  oxygen 
demand  exceeds  500.  As  the  area  does  not  generally  exceed  the 
95Z  confidence  Halts,  the  saall  grain  site  suggests  that  the 
current  speeds  lie  below  the  25  centlasters  per  second  threshold; 
thus,  the  bottoa  speeds  in  the  disposal  site  aay  be  portrayed  by 
the  nuasrlcal  model  which  gives  a  peak  speed  of  18  to  20 
centimeters  per  second.  At  this  speed,  disposal  sate rials  should 
not  be  resuspended  by  local  currents.  With  respect  to  biological 
resources,  no  crab  ware  found  within  the  disposal  site,  and 
ahriap  were  in  law  abundance. 

Although  the  prevailing  currents  were  not  measured  in  the 
vicinity  of  the  disposal  site,  the  shape  of  the  percent  clay 
contours  (Fig.  11.10-38)  Indicates  that  the  net  currents  flow 
toward  the  southweat.  Because  of  the  low  anlaal  populations  the 
suspended  sedlaenta  carried  in  this  direction  froa  the  disposal 
site  are  not  expected  to  have  an  unacceptable  adverse  inpact  on 
biological  resources. 


10.5  Conclusions 


In  conclusion,  the  three  preferred  disposal  sites  are  Judged 
to  lie  in  de positional  areas  because:  1)  the  peak  speeds  lie 
below  the  threshold  speed  for  movement  of  fine  grained,  recently 
deposited  dredged  material;  2)  the  sediment  characteristics  show 
fine  grained  material  and  statistically  elevated  water  content, 
biochemical  oxygen  demand,  sad  volatile  solids,  and  3)  the 
quantities  of  crab  and  shrimp  are  low.  The  maximum  densities  of 
crab  and  shrimp  observed  thus  far  in  PSDDA  are  496  crab  and  1760 
shrimp  per  hectare  (in  Fort  Gardner;  September,  1986).  In 
contrast,  between  0-19  crab  and  25-300  shrimp  per  hectare  were 
found  in  the  preferred  disposal  sites.  In  other  words,  these 
concentrations  equal  4Z  and  17Z  of  the  maxi  mum  -seen  in  Port 
Gardner.  Moreover,  the  number  of  crab  lie  below  the  100  per 
hectare  threshold  below  which  the  crab  populations  are  considered 
■inlnal.  These  percentages  suggest  that  there  are  saall 
populations  of  crab  and  moderate  populations  of  shrimp  in  the 
proposed  disposal  sites. 
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Even  though  g one  disposed  dredged  aaterlal  will  be 
transported  beyond  the  disposal  site  boundaries!  the  ratio  of  the 
natural  sedlaentatlon  to  the  escaped  notarial  exceeds  100:1. 
Consequently  the  escaped  aaterlal  will  be  substantially  diluted 
with  natural  sedlaents.  Considering  the  low  anlaal  populations 
downstreaa  fron  the  disposal  sites!  the  acceptable  nature  of  the 
dredged  aaterlal!  natural  sedimentation ,  and  the  substantial 
dilution!  the  dredged  aaterlal  that  does  escape  fron  the  disposal 
sites  la  not  expected  to  have  a  neaaureable  inpact  on  the  anlaal 
population  within  the  eabeynenta  containing  the  disposal  sites. 
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TABLE  II.  10-1  INFORMATION  ON  THE  REF  HIRED  AND  ALTERNATIVE 
DISPOSAL  SITES. 

Area  Depth  Dimensions 
Latitude  Longitude  (acre)  (ft)  (ft) 


Saratoga  Paasags 


Alternate 

48° 

5.43 

122°  27.35 

318 

350 

4200 

Port  Gardner 

Preferred 

47° 

58.86 

122°  16.67 

318 

420 

4200 

Alternate 

47° 

58.26 

1220  15.55 

375 

330-425 

3800  x  5833 

Elliott  Bay* 

Preferred 

47° 

36.03 

122°  21.34 

415 

200-360 

6200  x  4000 

Alternate 

47° 

37.09 

122°  24.85 

480 

500-600 

4500  x  6000 

Conenceaent 

Preferred 

47° 

18.22 

122°  27.84 

310 

540-560 

4600  x  3800 

Alternate 

47° 

18.72 

122°  27.95 

310 

540-560 

4600  x  3800 

•Adjusted 

Preferred 

Elliott  Bay 
Site 

47° 

35.97 

122°  21.38 

415 

300-360 

6200  x  4000 

r 


r 


«  • 

u 


) 


mi  9 
*  *- 


♦  XV 

o 

O  X 

©  O 

o 

O 

X  M 
•  ka  V 
X  • 

n  n 

x  m 

U  HN 

J  4k 

4  ^ 

o 

o  © 

o  o 

o 

O 

M 

X 

m 

H 

X 

a 

M 

•"> 

M 

V* 

X 

k 

M 

k*  kl  • 

© 

mi 

X 

M  O  V 

m 

** 

< 

« 

O  fl 

o 

X  1 

—  © 

o 

1 

s 

s 

M  X  u 

« 

M 

mm 

« 

o 

u 

X  w 

N 

ft* 

k> 

m 

k* 

M 

o 

X  ^ 

U 

M 

J  X 

o 

o 

H 

X  X  ■ 

o 

O  vs 

m  o 

<4 

f  M 

o 

—  O 

44 

■ 

o  X  • 

N 

1  -4 

1 

M 

H  <  o 

•V 

© 

ftl 

► 

VS 

H 

mi 

< 

X 

a 

85 

H 

N 

H  VS 

N  M 

H 

N 

X 

X 

X  mi 

VS 

VS  mm 

«  fd 

VS 

■»* 

X  U 

m» 

rnm  1 

mm  mm 

44 

1 

k* 

O 

o 

© 

mm 

mm 

M 

M 

«S 

^4 

t* 

•m* 

41  U 

U  U 

Id 

u 

ft* 

X  X 

vs 

44  #-» 

mm  mm 

44 

44 

M 

M  M 

**d  ^4 

**d  H 

*4 

•4 

« 

• 

X  X 

X  X 

X 

X 

A* 

c 

O 

•wd 

■  ■ 

•  V 

• 

X 

X 

9  9 

«  m 

« 

o 

1 

M  M 

k  k 

k 

ka 

X 

•  « 

• 

• 

•  V 

e  o 

e 

X 

o 

X 

X  X 

u  u 

u 

o 

X 

kl 

O 

H 

H 

H 

■< 

X  X 

o 

> 

X  M 

• 

• 

• 

X 

X 

H  H 

• 

•  e 

•  o 

o 

O 

ft* 

J 

X  X 

k* 

k»  X 

>•  X 

X 

X 

kl 

»  o 

* 

u 

O 

k* 

M 

J 

H 

J 

a 

U 

X 

mi  X 

M 

O 

x  X 

mi 

U  X 

X 

k- 

M  M 

X 

vs 

X  o 

• 

•  o 

m  m 

* 

0 

M 

kl 

• 

V  X 

9  9 

V 

X 

u 

H 

m  m 

k- 

k* 

k*  k- 

k- 

k* 

< 

o  X 

M 

H 

o  © 

X 

VS 

m  k* 

X  M 

ft* 

© 

O 

m 

X 

J  vs 

© 

«-»  O 

m 

H  k* 

• 

•  • 

m  0 

• 

• 

mm 

X  «> 

• 

•  • 

•  X 

• 

V 

x 

4  © 

k* 

k*  k* 

k* 

k* 

ka 

< 

ft 

O  vs 

X 

o 

V 

ks 

9 

m 

« 

1 

v* 

4J 

© 

• 

•  V  • 

kv  • 

e 

•« 

V 

mi 

4d 

a 

•  « 

• 

•  M 

• 

V 

4d 

a 

V 

k  « 

VS 

k  V 

■ 

k 

V 

M 

1  • 

a 

u 

k  a 

k  a 

• 

k 

a 

M 

(  X  k 

m 

#  k 

u 

•  k 

V 

9 

k 

i  o 

• 

Ok  « 

4 * 

•M  • 

e 

*4 

• 

kl 

t  M 

4* 

•  k 

o 

•  4d 

• 

• 

4d 

mi 

1  ■ 

44 

u 

k  ^4 

fd 

k  44 

■ 

k 

44 

m 

1  u 

X 

i* 

ft*  <4 

*4 

ka  M 

f 

ka 

< 

< 

1  9 

0 

44 

o 

H 

1  vs 

k* 

M 

u 

) 

11-208 


mi. 


Thai*  nuabari  ar*  th*  highlit  avarag*  ban  trawl  catch*!  for  all  aaapl*  period*. 


Upland 


ELEVATION  VIEW 

Figure  II. 10-1  Typical  disposal  site  paraaeters. 
(Source:  Corps) 


Figure  II. 10-2 


Preferred  and  alternative  diapos.il  sites  in  Port  i  ) 
Gardner  superimposed  on  bathymetry  at  one  fathom 
intervals . 
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Figure'  II. 10-3  Alternative  disposal  site  In  Saratoga  Passage 

super lapoeed  on  bathyaetry  at  one  fathoa  intervals. 
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Y4gur*  II . 10-4b  SUUit  > mf  pr*f *rr*4  ilap«Ml  alt* ,  ahewing 

•IjWtMAt  t*  41*9*8*1  MM,  •  tllflMAMSt  *f  379*  t*  th*  IIW 
?  fr*a  that  >bm  la  FI  fur*  11.10*4*.  la  laaerilad  la  Inhibit  C, 

I  thia  a4ju*ta*at  *h*af*4  aalr  th*  **a* ,  a*t  th*  ait*  b*ua4ary, 

ia*4  aaa  u»4*rtah*n  to  avail  p*t*atl*lly  aigalf leant  ahipwraoka. 
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©  Preferred  Diepoeel  Site 
©  Alteraete  Diepoeel  Site 
existing  Diepoeel  Site 


Figure  13. 10-7  Preferred  end  alternative  disposal  sites  in  Port 
Gardner  on  contours  of  peak  speeds  (ea/s)  for 
the  extreme  spring  tide  froa  the  nuaerlcal  tidal 
■odel. 
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Prifmid 

Alternate 


Figure  X 


Figure  IX.  10-14  Port  Gardner  combined  crab  distribution.  Dots 
denote  stations  with  crab  populations  below  u>o 
per  hectare  and  stars  denote  crab  populations 
greater  than  100  per  hectare.  {Source:  adapted 
froa  Dlnnel  et  al..  1986a-h) 
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Figure  II.  10-15  Port  Gardner  contained  ehrinp  distribution.  Dots 
denote  stations  with  shrlnp  populations  below  260 
(  per  hectare  and  stars  denote  shrlnp  populations 

greater  than  280  per  hectare.  (Source:  adapted 
fron  Dlnnel  et  al..  1986a-h) 
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Preferred  Disposal  Site 


Figure  II.10-1S  Preferred  and  alternative  disposal  sites  in  Port 
Gardner  on  benthic  bioaass  potentially  available 
to  four  groups  of  fish  (bioaass  in  graas  per  square 
aeter).  (Source:  adapted  froa  Clarke,  1986) 
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|  Alternate  Disposal  Sit* 

Existing  Disposal  Sits 


L 

Figure  ZZ. 10-17  Preferred  end  alternative  disposal  sites  ii 
Elliott  Bay  on  contours  of  total  variance 
(cb3s~2)  of  the  currents  averaged  over  the 
water  col asm. 
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Figure  XX.  10-18  Preferred  end  alternative  disposal  sites  in 

Elliott  Bay  on  contours  of  IB  fastest  current 
speeds  (cm/9)  Measured  within  10  actors  of  the 
bottom. 
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Figure  11.10-19  Preferred  end  alternative  disposal  sites  in  Blliott 
Bay  on  contours  of  peak  speeds  (ca/s)  for  the 
extreme  spring  tide  coaputed  by  the  numerical 
tidal  current  nodel. 


11-227 


MATTU 


Preferred  Dlepoeal  Site 


Alternate  Disposal  Site 


.Figure  It. 10-21 

Estimated  pattern  of  prevailing 
currenta  in  Elliott  Bay  in 
three  depth  rangee:  A)  the 
shallow  surface  layer  in  the 
depth  range  of  approxiaately 
0-0  neters;  B)  the  Intermediate 
depth  layer  in  the  depth  range 
of  0-60  neters;  and  C)  the  deep 
layer  in  the  depth  range  of  60- 
120  neters.  (Source:  EHI ) 
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Figure  ZZ. 10-32 


Preferred  and  alternative  disposal  sites  In  Elliott 
th«  Fouralle  Reek  ZSP  on  contours  of  total 
901169  "lth  •*••••  exceeding  the  95*  Cl  and  x 

8 HD •  I 


Figure  II.  10-83  Preferred  and  alternative  diepoeal  eitee  In  Blllott 
Bay  and  the  Pourxlle  Bock  Z8P  on  contoure  of  the 
BOD  with  areae  exceeding  the  95ft  Cl  and  1.96  SKD. 
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Figure  XX. 10-24  Preferred  and  alternative  disposal  sites  in  Elliott 
Bay  and  the  Pouraile  Rock  ZSP  contours  of  percent 
water  with  areas  exceeding  the  95k  CX  and  1.96  SND. 
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Figure  II.  10-28  Preferred  end  alternative  dlspoeal  el  tee  In 
Klllott  Bay  and  the  Fouralle  Rock  ZSP  on 
contours  of  grain  size. 
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Figure  11.10-26  Preferred  and  alternative  disposal  sites 
Blliott  Bay  on  contours  of  percent  clay. 
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Figure  11.10-27  Elliott  Bay  combined  crab  distribution.  Dots 

denote  stations  with  crab  populations  below  100 
per  hectare  and  stars  denote  crab  populations 
greater  than  100  per  hectare.  (Source:  adapted 
froa  Dlnnel  et  al.,  l9S6a-h) 
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Figure  II.  10-28  Elliott  Bay  combined  ahrlap  distribution.  Dote. 

denote  stations  with  shrisp  populations  bcJow 
per  hectare  and  stars  denote  shrlap  populations 
greater  than  290  per  hectare.  (Source:  adapted 
froa  Dinnel  et  al..  19$6a-h) 
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Figure  11.10-29  Preferred  end  alternative  disposal  eitee  in  Elliott 
Bay  on  benthic  bioaase  potentially  available  to 
four  groups  of  fish  (bioaase  in  graas  per  square 
aster).  (Source:  adapted  froa  Clarke,  1986) 


Figure  XI. 10-30  Preferred  and  alternative  disposal  sites  in 

Commencement  Bay  on  contours  of  total  variance 
(cm2e"*)  of  the  currents  averaged  over  the 
water  column. 


Figure  IX. 10-31  Preferred  end  alternative  disposal  sites  In 

Coaaeneenent  Bay  on  contours  of  the  peak  speed 
(cm/a)  computed  by  the  numerical  tidal  nodel 
for  the  extreae  spring  tide. 


Figure  XX. 10-32  Preferred  end  alternative  disposal  sites  In 

Coaaencesen t  Bay  on  contours  of  total  variance 
(ca*e~‘)  of  the  currents  computed  at  the 
water  surface  in  the  hydraulic  eodel. 
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Figure  XI.  10-33  Estlaated  pattern  of  prevailing  currente  In 

Cn—  nee— nt  Bay  in  the  shallow  surface  layer 
(upper  panel),  and  In  the  deeper  layer  (lower 
panel).  (Source:  EHX) 
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Figure  II. 10-38  Preferred  and  alternative  dleposal  sites  in 

Coaaenceaent  Bay  on  contours  of  BOD  Kith  areas 
exceeding  the  95*  Cl  and  1.96  SND. 


Figure  11.10-36  Preferred  and  alternative  disposal  sltec  In 

Commencement  Bay  on  contours  of  percent  water 
with  areas  exceeding  the  95  Cl  and  1.96  SND. 


Figure  11.10-37  Preferred  and  alternative  disposal  sites  in 
Coaaenceaent  Bay  on  contours  of  grain  size. 


Figure  II.10-3H  Preferred  and  alternative  disposal  sites  in 
Commencement  Bay  on  contours  of  percent  clay 


Figure  11.10-39  Coeaenceaent  Bay  combined  crab  dlatrlbution. 

Dots  denote  stations  with  crab  populations  below 
100  per  hectare  and  stars  denote  crab  populations 
greater  than  100  per  hectare.  (Source:  adapted 
froa  Dinnel  et  al.,  l98Sa-h) 
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Figure  XX.  10-40  Commencement  Bay  combined  shrimp  distribution. 

Dots  denote  stations  with  shrimp  populations  below 
250  per  hectare  and  stars  denote  shrimp  populations 
greater  than  250  per  hectare.  (Source:  adapted 
from  Dlnnel  et  al.,  I986a-h) 
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GLOSSARY  OF  TOMS  AM)  ABBRBVIATIONS 


PUGET  SOUND  DREDGED  DISPOSAL  ANALYSIS  (PSDDA) 
GLOSSARY  OP  TOMS 


Anphlooda.  3— 11  ahrinp-llka  cxiutteMU  (for  unpli,  Mod  fleas).  Many 
live  oo  the  bottom,  food  on  olfoo  and  detritus,  and  serve  aa  food  for  many 
narlna  species.  Amphlpods  aro  uaod  in  laboratory  bloaaaaya  to  test  the  tonic¬ 
ity  of  sediments. 

Apparent  Effects  Threshold.  The  sodlnout  concentration  of  a  contaalnant  above 
which  statistically  significant  biological  effects  would  always  be  expected. 

Area  Rankins,  the  designation  of  a  dredging  area  relative  to  Its  potential 
for  having  sediment  chemicals  of  concern.  Rankings  range  from  "low"  potential 
to  "high”  potential,  and  axe  used  to  determine  the  Intensity  of  dredged  nota¬ 
rial  evaluation  and  testing  that  night  be  required. 

Baseline  Study.  A  study  designed  to  document  existing  environmental  con¬ 
ditions  at  a  given  site.  The  results  of  a  baseline  study  nay  be  used  to 
document  temporal  changes  at  a  site  or  document  background  conditions  for  com¬ 
parison  with  another  site. 

Bathymetry.  Shape  of  the  bottom  of  Puget  Sound  expressed  as  the  spatial  pat- 
tem  of  water  depths.  Bathymetric  maps  are  essentially  topographic  naps  of 
the  bottom  of  Puget  Sound. 

Benthic  Organisms.  Organisms  that  live  in  or  on  the  bottom  of  a  body  of  water. 

Blonccumulatlon.  The  accumulation  of  contaminants  in  the  tissues  of  an 
organism,  for  example,  certain  chemicals  in  food  eaten  by  a  fish  tend  to 
accumulate  la  its  liver  and  other  tissues. 

Bloaaaay.  A  laboratory  test  used  to  evaluate  the  toxicity  of  a  notarial 
(cosmonly  sediments  or  wastewater)  by  neaaurlng  behavioral,  physiological,  or 
lethal  responses  of  organisms. 

Biota.  The  animals  and  plants  that  live  in  a  particular  area  or  habitat. 

Bottom-Dump  Barns.  A  barge  that  disposes  of  dredged  aaterlal  by  opening  along 

a  center  seam. 

Bottomflsh.  Pish  that  live  on  or  near  the  bottoa  of  a  body  of  water,  for 

example,  English  sole. 

Bulk  Chemical  AnalrMS.  Chemical  analyses  performed  on  an  entire  aedlaent 
sample,  without  separating  water  from  the  solid  aaterlal  in  a  sanple. 


Cspplnx.  See  confined  aquatic  disposal 


e«w«M«^e.  Capable  of  causing  cancer 


n— hall  Prod  tint.  Scooping  of  tte  bottom  sediments  onlng  a  — chanlcal  clan- 
shall  bucket  of  varying  also.  Comeonly  used  in  flan  grain  sediments  and  caln 
water*  thn  sediment  la  dumped  onto  a  separate  bars*  “*  towed  to  a  dlapoaal 
alto  whan  dlapoalag  la  open  water. 

Coda  of  fodaral  laanlatlona.  Tha  compilation  of  Federal  ragulatlona  adopted 
bp  Fadaral  agendas  through  a  rula-aablng  procaaa. 

Conooaltlnn.  Mixing  aadlaaata  frow  dlffaraat  aawplaa  to  produce  a  cowpoalce 
aaaple  for  chaaical  and/or  biological  tenting. 

Confined  Dlanoaal.  A  dlapoaal  netted  that  laolatea  tte  dredged  notarial  fron 
the  enrlrrwent.  Confined  dlapoaal  nap  be  la  aquatic*  nearshore*  or  upland 
environ* ante. 

Confined  Aquatic  Disposal  (CM».  Confined  disposal  la  a  water  onvlrounant. 
Osuallp  accomplished  bp  placing  a  layer  of  aedlnant  oner  naterlal  that  tea 
been  placed  on  tte  bottan  of  a  water  body  <l.e.»  capping). 

tetadgnt.  A  chanlcal  or  biological  substance  la  a  for*  or  In  a  quantity 
that  can  hern  aquatic  organises*  coasunera  of  aquatic  organises*  or  users  of 
tte  aquatic  environs eat. 

Contaminated  Sodlnant. 

Technical  Daflnltlont  A  aedlnant  that  contains  neaaurable  levels  of 
con  f innate. 

Management  or  Conn on  Definition}  A  aedlnant  that  contains  sufficient 
quantities  of  contsnlaasta  to  rasnlt  la  adverse  environmental  effects  and  thus 
require  reatrlctlos(a)  for  dredging  and/or  disposal  of  dredged  naterlal  (e.g. , 
la  unacceptable  for  uacoaflaed*  open  water  disposal  or  conventional  lend/ shore 
disposal*  requiring  conflaenent). 

Conventional  Mearstere  Disposal.  Disposal  at  a  site  where  dredged  naterlal  la 
pieced  behind  a  dike  In  water  along  tte  shoreline,  with  tte  final  elevation  of 
the  fill  being  above  water.  "Conventional"  disposal  additionally  weans  that 
special  contanlnaat  controls  or  restrictions  are  not  needed. 

Conventional  Pollutants.  Sediment  parameters  and  characteristics  that  have 
been  routinely  aeaaurnd  In  assessing  aedlnant  quality.  These  Include  sulfides 
organic  carbon*  etc. 

Conventional  Poland  Disposal.  Disposal  at  a  site  created  on  land  (sway  fron 
tidal  waters)  In  which  the  dredged  nnterlal  eventually  dries.  Upland  sites 
are  usually  diked  to  confine  solids  and  to  allow  surface  water  fron  the 
disposal  operation  to  be  released.  "Conventional”  disposal  additionally  naans 
that  special  contaminant  controls  or  restrictions  era  not  needed. 


Efflutst.  Iff Inoat  is  tho  ntar  flowing  oot  of  •  eomiM d  lliyoatl  facility. 
To  distinguish  fraa  "rwrff"  (m  hoiow)  Am  to  rainfall,  effloaat  usually 
refers  to  hoc or  discharged  daring  tho  diagonal  operation. 


Tho  estract  respiting  f  ton  airing  Mtor  ooA  drodgod  Mtortol  is  o 
latento^  toot*  Tha  moulting  nlotriate  on  bo  oooA  fee  ehantnnl  nd  blo- 
lotteol  tootlag  to  oooooo  potootlol  ntar  col—  offoeto  of  drodgod  Mtosiol 
disposal. 


Intrain— at.  Tho  oAdltloo  of  Mtor  to  dredged  notarial  daring  Alopoool,  ao  It 
MOCOMO  tBTooAh  the  Mtor  coImo. 


odA  oltoraatlToo  to  tho  propoooA  ycojoet. 
and  Stato  IarlrooMotol  Policy  Acta* 


tho  Ukoly  oigolf  1- 
,  oayo  to  loooon  tho  1  oporto, 
aro  mgwlrod  by  tho  Motional 


Iron loo.  Mooring  tmj  of  rock  or  ooll  via  groAaol  Aotochnont  of  ooll  or  rock 
fragaamta  by  Mtor,  wind,  lco,  and  other  Mr  hoot  cal,  and  chonicol  foreoo. 


lotuarr.  a  eonflnod  cooatal  Mtor  body  ohoro  ocoon  Mtor  lo  dilated  by 
inflowing  frooh  Mtor,  and  tidal  nlalag  occur a. 


Irol potion  Procodwroo  Mork  Grom.  Tho  PtDDA  work  group  that  la  developing 
chonicol  and  biological  tooting  and  toot  omlaatloa  procodwroo  for  drodgod 
m to rial  aaooaanant. 


Grand.  Baring  agga,  anch  aa  fonalo  era bo  carrylag  agga. 

Ground  Motor*  Underground  Mtor  body,  alao  called  an  ngnlfnr.  Aquifers  arm 
craatod  by  rala  which  cocks  Into  the  groond  end  Hom  Aom  ntU  It  eollacta 
at  o  point  whom  tho  grnuwd  lo  oat  pornoohlo. 

Habitat*  The  specific  eras  or  nrltMnt  la  which  a  particular  type  of  plant 
or  onlMl  lima.  An  orgawlM'a  habitat  provides  all  of  tho  basic  requlreoants 
for  Ufo.  Typical  fagot  Sound  habitats  lari ado  boaehoo,  narahaa,  rocky  ohorca, 
hot  ton  aodlnanta,  nadflata,  and  tho  Mtor  ltaalf* 

HaaardoM  Moats.  Any  solid,  liquid,  or  gaoooM  oobotonco  which,  bwcowoo  of 
Ito  oowreo  or  aooowrablo  ehemcterletleo,  lo  olooolflod  oador  state  or  Federal 
law  aa  hocardoM,  and  la  ouhjmt  to  opoolol  hood  ling,  nhlpplng,  ttomgo,  nod 
dinpoaal  mqulmaaato.  WnohlngtM  State  Ion  ldMtlflM  t m  catagorlon  of 
hosordoue  one tot  dnogoroM  and  ontranoly  hnnnrdoun.  Tho  lector  category  in 
nor*  hasardoM  and  requires  greater  procantlooo. 


grain  aedamaf 


A  hydranlic  onctlon  dredge  that  la  nood  to  pick  op  eoaroer 
(anch  aa  sand),  pnrtionlorly  In  Iom  protected  arose  with  sea 


swell.  Drodgod  Mterlala  aro  dapMltcd  la  o  largo  holdlag  tank  or  “hopper"  on 
tho  som  me  sal,  mi  thM  trawoportod  to  o  dlepoool  alto.  Tho  hopper  dredge 
la  rarely  Mod  la  Fagot  gonad. 
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grdawlle  Dredging  icea^llaM  by  the  force  of  a  wur 

Hn&rS  slurry  process,  requiring  *  m  to  noun  the  uatar-suspaa dad  eedl- 
■mu.  Pipeline  and  hopper  lia^N  on  hydraulic  dredges. 


yam 

dlversl 


tea  73*20. ldO  Approval  froa  cha  Washington 
sshtngtoa  Pspsttuant  of  Com  for  tho  use, 
obstruction  or  dwgi  la  tho  Mtard  flow  or  bod  of  aay  river  or 
that  eill  noe  aay  salt  or  freak  waters  of  tho  state. 


Hydraulically  Dredged  Material.  Materiel,  eeoally  eoad  or  coarser  grain,  that 
Is  hrnntftf  up  by  ■  pipeline  nr  hopper  dredge.  This  oaterlal  usually  includes 
slurry  eater. 

Hydrocarbon.  Aa  organic  esapouad  caapeeed  of  carbon  sad  hydrogen.  Petroleum 
and  its  derived  coapoeada  are  hydrocarbons. 


Infauna.  Aelaals  living  la  the  sod leant. 

Intertidal  Area.  The  area  between  high  sad  low  tide  levels.  The  alternate 
wetting  and  drying  of  tills  area  aakao  it  a  transition  between  land  and  water 
organ! sea  aad  creates  special  cavitoaeaatal  conditions. 


Leachate.  Hater  or  ether  liquid  that  aay  have  dissolved  (leached)  soluble 
aetarlala,  such  as  organic  salts  aad  ntaaral  salta,  derived  free  a  solid  nets- 
rial,  lalaeater  that  percolates  through  a  sanitary  landfill  end  picks  up  con- 
tael neats  is  called  the  leachate  froa  the  landfill. 


Local  Sponsor.  A  public  entity  (a.g.,  pert  district)  that  sponsors  federal 
navigation  projects.  The  sponsor  nooks  to  acquire  or  hold  peewits  and  approv¬ 
als  for  disposal  of  dredged  notarial  at  a  disposal  site. 

Loraa  C.  Aa  electronic  systan  to  facilitate  navigation  positioning  and  course 
piottiag/tracklag. 

Hauagauant  flan  Work  Croup.  The  PSDOA  work  group  is  developing  a  aaaageaent 
plan  for  each  of  the  ojaa  water  dredged  aeteriel  disposal  sites.  The  plan 
will  define  the  roles  of  local,  ttate,  aad  Federal  agencies.  Issues  being 
addressed  include!  permit  reviews,  neuitering  of  petalt  compliance,  treataent 
of  poradt  violations,  aonitorlng  of  eavireunsntsl  lapse ts,  responding  to 
unforeseen  effects  of  disposal,  plan  updating,  sad  data  aaaageaent. 

Material  hale spa  let eon.  A  laboratory  test  proposed  by  PSDBA  to  assess  the 
potential  for  loco  of  fine-grained  particles  carrying  chaaicala  of  concern 
froa  the  disposal  site  during  disposal  operations. 

HactMMlcal  Predains.  Dredging  by  digging  or  scraping  to  collect  dredged  aate- 
rlals.  A  cliatii nil  dredge  la  a  aachanlcal  dredge.  (See  "hydraulic  dredging.') 

Metals.  Metals  are  naturally  occurring  elenents.  Certain  an tala,  such  aa 
narcury,  lead,  nickel,  sine,  sad  cadaiun,  era  be  of  environaeatal  concern  when 
they  are  released  to  the  evlraaaent  in  unnatural  amounts  by  nan's  activities. 
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CwwlMMt  each  aa  ail  «1  gr 
tMteati,  Ml  nrtnw  «r  be 

aicrolayar  thM  th«r  ace  Is  the 
logically  lapoctaat  m  a  readm 


«».  A  laboratory  toot  using  1mm 
;tloo»  oood  to  000000  tttUitf  of 


The  irtr— ly  this  top  loyor  of  ootor 
of  enteral  and  ofhor  orsaolc  onhetanras 
ooay  llpophyllc  (fot  or  oil  associated) 
ot  at  owb  higher  coacaotratlooa  in  tho 
:  calaah  Aloe  tho  otoroloyor  la  bio- 


light 


boctarla 


Molt.  A  coaplan  aorloo  of 
ekeletoe,  or  coropoeo  by  e 
is  tho  only  tftao  that  oaoy 


Wool tor.  So  aystaootleOlly  and  ropootodly 
ehoagoo  or  treads. 


Nutrients.  looootlol  ohondaola  aoodod  bp  ploota  or  — for  growth. 
Ixcssalve  aoowoto  of  Mcrtaats  eon  load  to  accolorotod  growth  of  olgao  and 
aubeoqueut  dagradotloo  of  wnhor  quality  doo  to  nrygao  daplatloo.  Sqm 
nutrlaata  coo  bo  tonic  at  high  eoocaotratlooa. 


that  roowlta  in  tho  porlodle  ohoddlng  of  tho 
so  (oil  arthropodo  for  that  oat tar).  Molting 
oom  eon  grow  oad  aota  (particularly  craba). 


i thing  in  order  to  datact 


Orwrdopth  Materiel.  Dredged  aotorlol  rMovnd  froo  bolow  tho  drodglag  depth 
aoodod  for  oafo  aovlgetleo.  through  ovardapth  la  incidentally  renewed  dwo  to 
drodglag  aqalpesat  prodoloo.  Ito  exeevatloe  la  nooally  ploonod  aa  port  of  tho 
drodglag  project  to  ooanro  proper  final  ootor  doptho.  Cannon  overdepth  la 
2  foot  below  tho  aoodod  dredslM  11m. 


OrygM  Ponoadlnn  Matorlolo.  Motoriola  ouch  on  food  mote  oad  dead  plant  or 
aalnal  tlaoM  that  mo  ap  dlaoolved  onygan  in  tho  voter  whan  they  are  degrade 
throegh  ehealcol  or  biological  procaooao.  Chanlcal  and  biological  oxygon 
donaad  (COD  and  MO,  roopoctlvoly)  are  dlfforant  aaaawraa  of  how  nuch  oxygon 
deaaad  a  onbataaeo  baa. 


Faranotor.  A  quantifiable  or  Moowrobla  charaotoriatlc  of  oom  thing.  For 
■ranple,  height.  Might,  on x,  and  hair  color  ora  all  paraMtera  that  can  bo 
detetalaod  for  banana.  Voter  quality  par  om  torn  lac  lade  toaporaturo,  pH, 
oallalty,  dlaoolved  eoygea  aaucaatretion,  and  aaay  other*. 


rathggye.  a  dtaeaoa-cewalag  agent,  oopoc.lal.ly  a  vlrea,  boctarla,  or  fungi. 
ParhogaM  cm  ba  praaont  la  nunlcipol,  iaduatrlal,  and  noopoint  source  dis¬ 
chargee  to  tho  found. 

*02&.  A  written  warrant  or  llceoae,  granted  by  aa  authority,  allowing  a 
particular  activity  to  taho  place.  Peralta  required  for  dredging  and  disposal 
of  dredged  notorial  include  the  U.g.  OruyCorps  of  Knot  hoar*  Section  404 
pendt,  the  Veehiegtcn  State  Dopartaeut  of  Fieherloo  tydraullcs  Parmt,  tho 
city  or  meaty  Shoreline  Dovoiopaaat  Peewit,  end  tho  Veohlngton  Doportnont  of 
Natural  toeourcos  Site  0m  Diagonal  Permit. 


chat  ara 


readily 


by  natural  physical. 


A  general  t an  uaed  to  daaerlba  aay  substance,  usually  ch— leal, 
roy  or  eoatrol  organisms  (pasts)*  Pesticides  laeluda  harbleldaa, 
i,  alglaldsa,  and  fungicides.  Huy  of  thaaa  aubataneaa  ara 
read  ara  sot  nsOnmlly  famed  la  tha  anvireamcet.  Othara,  auch  as 
ira  aatural  torlaa  which  ara  estracted  fraa  plant a  and  anlaala. 


«§.  Tha  degree  of  a 1 ha 11a tty  or  aeldlty  of  a  solution.  Hater  has  a  pH  of 
TTH.  A  pi  of  lose  thaa  7*0  tadloataa  an  aeidie  aolatloa,  sad  a  pH  graatar 


770.  A  pi  of  laaa  thaa  7*0  tadloataa  an  aeidie  aolatloa,  sad  a  pH  graatar 
thaa  7.0  tadloataa  a  basic  aolatloa*  Tha  pi  of  uator  Influences  aany  of  tha 
types  of  ehaafrel  fan otiose  that  occur  la  It.  Puget  Sound  waters.  Ilka  aost 
aarlaa  waters,  ara  typically  pM  neutral. 

thaaa  I.  Tha  PSSDA  study  la  divided  lata  two,  2-year  long,  overlapping 
phases,  thaaa  1  cowers  the  eeatral  area  of  tugat  Sound  Including  Seattle, 


phases,  these  1  cowers  the  eeatral  area  of  tugat  Sound  Including  Seattle, 
■warett,  sad  Taeeaa.  thaaa  1  began  la  April  1985. 

thaaa  U.  Tha  P9DOA  study  is  divided  lata  two,  2-yaar  loag,  overlapping 
phases,  thaaa  U  covers  tha  Korth  sad  tenth  Sound  (including,  Olyapla, 
Belllnghaa,  sad  tort  Aagalas)— tha  areas  net  eovarad  by  thaaa  I.  Hood  Canal 
is  not  being  considered  for  location  of  a  disposal  sits,  thaaa  II  began  In 
April  1988. 

tipaliae  Pradae.  A  hydraulic  dredge  that  transports  slurried  dredged  notarial 
by  pwping  it  via  a  pipe.  (San  "hydraulic  dredge".) 

tolat  Source.  Locations  uhara  pollatlsa  eons  out  of  a  pipe  into  Puget  Sound. 


tolat  Source.  Locati. 
tnlvchaota.  A  aarlaa 


A  group  of  aaomads  organic  chaalcals,  including 
y  related  eoapounds  node  up  of  carbon,  hydrogen, 
sad  chlorine.  If  released  to  the  environment,  they  persist  for  long  periods 
of  tins  and  can  coaeantrata  in  food  chains.  PCI's  ara  not  water  soluble  and 
ara  euapaetad  to  causa  cancer  la  bnaaaa.  PCI's  ara  an  asaapla  of  an  organic 
tonicant. 


Polycyclic  (tolyuaelaar)  Arsaatie  Hydrocarbon.  A  class  of  eonlsa  organic 
coapouada,  asms  of  which  are  parsistsat  aai  caacar-csuslag.  These  eoapounds 
ara  foraad  fraa  tha  enabustlon  of  organic  aeterlal  sad  ara  ubiquitous  In  tha 
aaviraaneat.  PAH's  ara  coonoaly  foraad  by  f erase  fires  and  by  the  combustion 
of  fossil  fuels.  PAH's  often  reach  tha  anvlronasat  through  ataoapherlc  fall¬ 
out,  highway  runoff,  and  oil  discharge. 

Priority  Pollutants.  Substaaeas  listed  by  SPA  under  tha  Clean  Hatar  Act  as 
tools  and  having  priority  tor  regulatory  controls.  Tha  list  Includes  tonic 
as tala.  Inorganic  coat sal nan ts  such  as  cyanide  sad  arsenic,  and  a  broad  range 
of  both  aatural  aad  artificial  organic  eoapounds.  The  list  of  priority  pol¬ 
lutants  lae Indus  substances  tha t  are  not  of  concern  in  Puget  Sound,  and  also 
does  not  laeluda  all  known  hamful  eoapounds. 


hurt 


Mid  MtMM  «h« 


IqMllty  of  ■ 


pint  is  X 


IM7. 


■  created  by  «M  teahiagtoa  Sun 
•  MfNUwiM  plaa  to  protect 
Hm  dathorlty  Adapted  its  first 


teas  testers.  Pairs  s i  carters  shite,  teas  silted.  Korida  •  kam  bearing 
to  abort  operator.  tea  pair*  of  raegs  aarkera  can  bo  sate  ta  fit  position  «t 
s  pa  1st. 


wad  la  Nte  to  daocriho  dedsioos 
sad  sdsIsIstrstlTs  jadpmt.  Thooo 
by  all  ragslatary  a  gas  alas  with 
i  obtain  Sated-arlda  eanolstaacy. 


[■satiate 

Ksissr 

liadadai 


Jaoadoo.  tedoral  sad  i 
ilteXaT’Xbpoaal  la  Fagot 


slang  with 


U.S.  dray  Corps  of  teglaoars 

o  tivar  and  larbor  let  of  1199  (Section  10  psrmlts) 
o  Claaa  tetar  dot  (Socdoa  404  paraits) 

U.S.  Bariroaasatsl  Protoetlsa  dgaaey 

o  Claaa  tetar  dot  (Saatisa  404  paraits) 
teahiagtoa  Oapartasat  of  llstteal  Passer roe 

o  tear  alias  teaagaaaat  dot  (alts  osa  paraits) 
teahiagtoa  Oapartasat  of  leology 

o  Claaa  tetar  dot  (Saetiaa  401  eartlfleatloaa) 
o  tearaliaa  teaagaaaat  dot  (CXNd  eoaaistascy  dotsraiaatlana) 
teahiagtoa  Oapartasat  of  Plokorlao 
o  Oydraaliao  Projaet  dpproval 
teahiagtoa  Oaparteaat  of  Oaaa 

o  gydraalies  Projaet  Approval 


local  tearaliaa  jarisdletioa  o.g .,  City  of  Seattle,  City  of  Everett, 


it  Sf  tl 


ABBREVIATIONS 


BATTELLE 

BOD 

BRAT 

CFR 

a 


cn /s 

ODE 

OOOPER 

DIFID 

DAP 

DOTS 

DSWG 

EHI 

EIS 

ENVIROSPHERE 

EPA 

EIWG 

METRO 

■»/! 

MIWG 

NEBA 

IMPS 

NOAA 

NOAA-IMS 

NOAA-OAD 

NOAA-IMEL 

NOS 

PCB 

PHI 

PIERCE  GO. 

IMFC 

POS 

PSA 

PSDDA 

PSWQA 

REMOTS 

RPA 

SEPA 

SND 

SUQU AMISH 
t-CB 

hn 

TVS 

08PWS 

WF1SH 

MAC 

VDP 

WDM 

MDOE 

VPPA 

ESP  or  ZSPs 
Pb 


Bsttelle  Marino  Research  Laboratory 

Biochealcal  Oxygen  Denand 

Benthic  Reaourcea  Aaaeaanent  Technique 

Code  of  Federal  Regulatlona 

Confidence  Interval 

centlnetera 

Centlnetera  per  second 
U.  S.  Any  Corps  of  Biglneera 
Cooper  Consultants  Inc. 

Disposal  Fran  an  Instantaneous 

Dredged  Material  Research  Prograa 

Dredging  Operations  Technical  Support  Prograa 

Disposal  Site  Work  Group 

Evans- Haail ton,  Inc. 

Environaental  Iapect  Stateaent 
Bavlroephere ,  a  division  of  Ebasco,  Inc. 

U.S.  Bavlronaental  Protaction  Agency,  Region  10 

Evaluation  Procedures  Work  Group 

Municipality  of  Metropolitan  Seattle 

allllgraa/llter 

Manageaent  Plan  Work  Group 

National  ftivlranaental  Policy  Act 

National  Marine  Fisheries  Service 

U.S.  National  Oceanic  and  Ataoapherlc  Adalnistratlon 

NQAA-IMEL-Inatltute  for  Marine  Studies 

NOAA 

NOAA  -  Pacific  Marine  Bavlronaental  Laboratory 

National  Ocean  Survey 

Polychlorinated  Biphenyls 

Grain  size  classification 

Pierce  County 

Pacific  Marine  Fisheries  Coaaisslon 

Port  of  Seattle 

Puget  Sound  Alliance 

Puget  Sound  Dredge  Disposal  Analysis 

Puget  Sound  Hater  Quality  Authority 

Reaote  Bavlronaental  Monitoring  of  the  Sea  Floor 

Resource  Planning  Associates 

Washington  State  Bivlronaental  Policy  Act 

Standard  Noraal  Deviates 

Suquaalsh  Indian  Tribe 

Total  PCB 

Total  Particulate  Matter 

Total  Volatile  Solids 

U.S.  fish  and  Wildlife  Service 

University  of  Washington  School  of  Fisheries 

Washington  Adalnls  tratlve  Code 

Washington  State  Depertasnt  of  Fisheries 

Washington  State  Dapartaent  of  Natural  Resources 

Washington  State  Dapartaent  of  Ecology 

Washington  Public  Ports  Association 

Zone(a)  of  Siting  Feasibility 

Lead  210  lsoaer 


3-CB 

36-263 


Trichlorobl phenyls 

Private  Citizen,  Voting  District 
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EXHIBIT  A 


BIOLOGICAL  CHARACTBLISTICS  AT  EXISTING 
DISPOSAL  SITES 


A  variety  of  biological  atudlea  have  been  conducted  at  or 
near  the  exlating  DMt.  dealgnated  dlapoaal  sites  in  central  Puget 
Sound.  Several  studies  vara  accomplished  at  the  outer 
Commencement  Bay  site  prior  to  the  Super fund  studies  in  the 
nearshore  area.  The  inner  Commencement  Bay  site  was  dosed  in 
late  1973  after  receiving  an  eatlaated  maximum  of  38,000  cubic 
yards  during  that  year.  Biological  data  at  the  existing  sites 
within  the  three  areas  comes  largely  from  several  general  studies 
(Word  et  al. ,  1984;  Tetra  Tech,  1985,  1986;  Battelle,  1986)  and 
PSDDA  field  studies. 


A.  Port  Gardner 

Tetra  Tech  (1985)  found  that  total  abundance  and  taxa  of  the 
benthic  infauna  did  not  differ  significantly  from  their  reference 
site,  but  did  find  that  amphlpod  abundance  was  increased.  Dinnel 
(1986)  found  large  numbers  of  female  Dungeness  crab  on  the  site. 
Garber  (1984)  documented  numerous  fish  and  benthic  Invertebrates 
on  and  around  the  site  using  an  underwater  television  system. 

Several  biological  atudlea  have  been  conducted  on  or  near  the 
existing  site  by  PSDDA  due  to  its  location  relative  to  the 
alternative  PSDDA  site.  See  Sections  II. 8  and  II.9  for  the 
results  of  those  studies. 


B.  Four mile  Rock 

Battelle  (1986)  examined  the  number  of  benthic  Infaunal 
species  and  number  of  individuals  at  the  site  and  at  a  reference 
area  (Da bob  Bay)  with  comparable  substrate  and  water  depths.  The 
site  had  a  mean  of  9  species  and  18  individuals  while  Dabob  Bay 
had  11  species  and  18  individuals.  Although  the  report  implies 
that  the  site  is  low  in  terms  of  taxa  and  individuals,  in  fact 
the  difference  between  the  means  for  both  sets  of  data  fall  well 
within  the  range  of  both  data  sets  and  hence  are  probably  not 
statistically  different.  In  fact  the  site  la  also  probably  no 
different  than  the  shallow  reference  site,  Saaish  Bay.  The  two 
stations  17  and  20  used  throughout  for  comparison  to  the  site 
chemistry  have  a  mean  of  8.5  species  with  a  range  well  within  the 
r  ranges  of  the  other  stations  and  Dabob  Bay  (Battelle,  1986). 

PSDDA  conducted  seasonal  trawls  to  document  epibenthic 
Invertebrates  and  bottomflshes  at  the  alternative  site,  which 
F  covered  the  Fourmlle  Rock  site.  Benthic  resource  values  were 

!  also  investigated  at  the  PSDDA  sites  with  some  of  the  stations 

) 

F 
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being  located  within  the  existing  site.  See  Sections  II .8  and 
II. 9  for  the  results. 


C.  Co— enceaent  Bay 

PSDDA  conducted  seasonal  trawls  to  docunent  e pi benthic 
Invertebrates  and  bott— fishes  at  the  PSDDA  sites  located  near 
the  existing  disposal  site.  Benthic  resource  values  were  also 
Investigated  at  the  preferred  sad  alternative  PSDDA  sites  to 
assess  bottoaflsh  feeding  habitat  potential.  See  Sections  II. 8 
and  II. 9  of  the  docuaeat  for  the  results  of  those  studies. 
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EXHIBIT  B 


NAPPING  AND  OVERLAY  PROCESS:  SITE  SELECTION  FACTORS 


1.  PRELIMINARY  MAPS 


Zoom  of  Siting  Feasibility  wore  selected  through  e  sepplng 
appro* eh  which  involved  auperiepoelng  overlays  to  locate  areas  of 
few  or  no  conflicts.  The  selected  areas  had  aim— i  conflicts 
with  the  site  selection  factors.  The  DSWG  exsslned  a  series  of 
preliminary  saps  as  sa  aid  to  decide  which  key  factors  should  be 
shown  an  the  final  saps  which  were  used  for  ZSF  selections.  The 
following  factors  were  napped: 

a.  Human  Osaa:  Maps  Prepared: 

1.  Designated  navigation  lanes/  Navigation  lanes 

channels/ anchorage  areas,  and  areas  of  high 

approaches  and  high  density  density  traffic 

vessel  traffic  areas. 

2.  Recreational  uses  (fishing.  Underwater  recreation 

sailing  courses,  diving  sites,  areas/state  parks/ 

anchorage  areas,  artificial  artificial  reefs 

reefs,  shoreline  parks). 

3.  Cultural /his tor leal  sites  Shipwrecks 

(wrecks  and  historical  areas). 

A.  Aquaculture  facilities  and 
designated  aquaculture  areas. 

3.  Utilities  (pipelines  and  cables). 

6.  Areas  of  special  scientific 
importance  (natural  preserves, 
sanctuaries). 

7.  Point  pollution  sources  (outfalls  Major  outfalls 
and  designated  cooes  of  Initial 
dilution  Including  nuclei pal  and 
Industrial  outfalls). 

8.  Water  supply  (salt  water  Intakes).  Major  Intakes 

9.  Compatibility  of  dredged  disposal  Shoreline  designations 
with  local  shoreline  master 
programs,  aesthetics,  noise. 


DIR  aquaculture  sites 

Utility  corridors 
No  amp 


8-1 


Political  boundaries 


10.  Political  boundaries  (countiea, 
cities,  Indian  reservations, 
international  border). 

11.  Goats  of  transportation  to 
disposal  sites. 


Dredge  disposal 
transportation  costs 
froa  Everett/ Seat  tie/ 
Tacoaa 


12.  Beneficial  effects  of  long- 
tern  disposal  (beach 
replanlahaeat ,  habitat 
creation,  etc.). 


No  nap 


b.  Biological  Resources: 


13.  Pood  fish/shellfish  harvest 
areas  (  c  ■— arclal  and 
recreational  -  using  WDF 
and  tribal  description). 

14.  Threatened  and  endangered 

species. 

15*  Pood  fish  and  shellfish  habitat 
(critical  breeding,  rearing, 
nursery  and  algratlon). 


Shellfish  harvesting 
areas,  salaou  fishing 
areas  and  noc-salaonold 
harvesting  areas 

Bald  eagle  nest  sites 


Shellfish  critical 
habitats,  non-ground- 
fish  critical  habitats 
and  ground fish  critical 
habitats 


16.  Wetlands,  nudflats,  vegetated 
shallows. 


Vegetated  shallows  and 
nearshore  wetlands 


c.  Physical  Paraneters: 


17.  Bathyaetry. 


Bathymetry  at  one 
fa thou  contours 


18.  Substrata  (physical,  chenical 
and  benthic  sedinent 
characteristics) . 


19.  Current  patterns  and  water 
circulation. 


Long-tern  Monitoring 
stations,  sedlaent 
saapllng  stations, 
surface  sedlnents, 
areas  of  elevated 
sedlaent  cheaistry 

Current  aster  stations, 
aarlaua  and  net  surface 
currents,  aarlaua  and 
net  currents  near 
bottoa. 


1  .1  Wml  Maps 


Of  the  above  maps,  sixteen  which  displayed  key  factors  were 
selected  end  were  subsequently  used  to  Identify  the  ZSPa.  The 

key  neps  selected  were! 

(1)  Political  boundaries 

(2)  Shoreline  designations  uadar  Shoreline  Hsnaseaent  fe  t 

(3)  Mentation  lanes 

(4)  Areas  of  high  density  traffic 

(5)  Bathyatry 

(6)  Underwater/ recreation  areas 

(7)  Dredge  si tea/ transportation  costs 

(8)  Utilities 

(9)  Outfalls 

(10)  VDMB  aquaculture  sites 

(11)  Shellfish  critical  habitats 

(12)  Shellfish  harvesting  areas 

(13)  Non-Ground fish  critical  habitats 

(14)  Saloon  (cower clal  and  recreational  fishing) 

(13)  Groundflsh  critical  habitat 

(16)  Non-aalnonold  harvesting  areas 


1.2  Additional  Maps  Used  to  Adjust  2SF  Boundaries 


The  key  asps  were  verified  by  the  pertlclpatlng  agencies. 
They  were  then  overlayed  and  the  ZSFs  defined  after  applying  the 
constraints  noted  In  Section  IX. 1.3.  Further  refinement  of  the 
ZSF  boundaries  waa  aade  by  placing  twelve  additional  overlay  naps 
successively  over  the  ZSF  base  nap.  No  ZSF  codifications  were 
needed  as  a  result  of  tills  process.  These  naps  were: 

(1)  Shipwrecks 

(2)  Current  aeter  stations 

(3)  Net  surface  currents 

(4)  Net  near  bottoa  currents 

(3)  Flood  tide  current  patterns 

(6)  Kbb  tide  current  patterns 

(7)  Long-tern  aonltorlng  stations 

(8)  Sediment  sampling  stations 

(9)  Surface  sediments 

(10)  Areas  of  elevated  sediment  chenlstry 

(11)  Vegetated  shallows  and  nearshore  wetlands 

(12)  Bald  eagle  nest  sites 


The  D6VC  first  defined  the  ZSFls  by  avoiding  vulnerable 
resources  sad  areas  of  human  uses,  and  second  by  considering 
transportation  haul  costs.  There  was  no  weighting  of  the  factors. 
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Using  this  procedure,  no  ZSF  could  be  located  within  ten 
nautical  allea  of  Everett  due  to  the  apparent  presence  of 
Duaganesa  Crab  and  non-sal eon Id  harvesting  areas  (ground  fish  and 
fin  flab).  However,  because  data  used  to  nap  crab  and  bottoeflsh 
resources  had  been  quite  Halted  (l.e. ,  studies  largely  Halted 
to  shallower  ester  depths),  the  KVG  believed  there  was  e 
reasonable  chance  of  locating  an  acceptable  disposal  site  If 
field  studies  were  nsde.  Accordingly,  a  ZSF  was  defined  near 
Everett,  In  Port  Gardner,  using  the  hathyaatry  asp  to  outline  the 
area  lying  between  120  and  600  fa at,  and  a  2500  feet  buffer  fraa 
shore.  Finally,  the  ZSFb  that  were  identified  were  ranked  either 
priority  (1)  or  (2)  as  described  in  Part  I,  Section  2.8. 

Further  ad jus  teen £  of  the  ZSFs  was  nsde  by  ths  DSHG  as  a 
result  of  Input  front  Federal;  state  and  local  agendas;  Indian 
tribes;  Interest  groups;  scientists;  and  citizens.  This  input 
was  received  at  D6WC  nestings. 


2.  DESCRIPTION  OF  OVERLAY  MAPS 


At  the  26  Septeaber  1985  workshop  eighteen  asps  were 
distributed  (nine  covering  the  north  section  of  the  Phase  I  area, 
and  nine  covering  the  south  section;  nape  1-9  as  described 
below).  Map  ambers  10  and  H  were  not  presented  at  the  workshop 
because  they  could  not  be  reduced  in  else  and  retain  usable 
detail;  therefore,  they  were  nsde  available  at  the  00E  Seattle 
Hstlct  Office.  A  aap  showing  the  geographic  features  of  Puget 
Sound  la  shown  la  Figure  1-1. 

The  asps  have  been  reproduced  here  as  they  were  distributed 
at  the  workshop.  Map  Mb.  10,  which  was  originally  done  at  one  . 
fa than  (6  foot)  Intervals,  has  been  redrawn  for  clarity  at  10 
fathoa  Intervals.  Map  No.  11  Is  also  shown  as  adapted  fron 
Roberts  (1979). 


2,1  Map  Mb.  1  (Fla.  B-2) 


Political  Boundaries,  Shoreline  Master  Plans,  Shoreline 
Parka,  Tribal  Fisheries.  Categories  napped  are  described  below. 

Boundaries  for:  (1)  cities;  (2)  counties;  (3)  outer  harbors; 
(4)  Muckleshoot  Indians;  (5)  Swlnonlsh  Indians;  (6)  Luasl 
Indians;  (7)  Bakina  Indians;  (8)  Stlllaguanlah  Indians;  (9) 
Puyallup  Indians;  (10)  Lower  Elwha  Indians. 

Areas  of  shoreline  neater  plans:  (1)  aquatic;  (2) 
eonwsrclal;  (3)  conservancy;  (4)  conservancy  nanagensnt;  (5) 
conservancy  natural;  (6)  conservancy  recreation;  (7)  diverse 
resource  nanaganant  area;  (8)  Industrial;  (9)  natural;  (10) 
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residential;  (11)  rural;  (12)  seal-rural;  (13)  shoreline 
residential;  (14)  suburban;  (15)  urban;  (16)  urban  developed; 

(17)  urban  recreational;  (18)  urban  residential;  (19)  urban 
stable;  (20)  urban  ^developed. 

These  areas  were  defined  froa  neater  plans  obtained  froa  each 
city  or  county. 

2.2  Map  M>.  2  (Fla.  1-3) 


Metrication  lanes,  dress  of  High  Density  Traffic,  Utilities. 
Categories  napped  Include:  (1)  navigation  lanes;  (2)  ferry 
routes;  (3)  tug  routed;  (4)  pipe  lines;  (5)  cables;  (6)  potential 
aarlnaa;  (7)  ports. 

These  were  coapiled  froa  NDAA  nautical  charts,  the  Washington 
Marine  Atlas,  and  lnforaatlon  froa  008. 


2.3  Map  Ho.  3  (Fig.  B-4) 


Shipwrecks,  Uh da renter  Parks,  Scuba  Sites,  Artificial  Reefs. 
Categories  napped  Include:  (1)  shipwrecks;  (2)  underwater  parks; 
(3)  scuba  sites;  and  (4)  artificial  reefs. 

Shipwrecks,  underwater  parks,  and  scuba  sites  were  Identified 
froa  a  diving  guide  (Evergreen  Pacific,  1979),  artificial  reefs 
were  located  using  data  froa  DM. 


2.4  Map  Mo.  4  (Fla,  fr-5) 


Point  Pollution  Sources,  Long-Tem  Monitoring  Stations, 
Saltwater  Intakes.  Categories  napped  Include:  (1)  nunldpal 
sources;  (2)  Industrial  sources;  (3)  water  sources;  (4)  sediaent 
sources:  (5)  point  pollution  sources;  (6)  long-tern  aonitorlng 
stations;  and  (7)  saltwater  intakes. 

Data  were  taken  froa  MPDES  peraits  and  the  Municipality  of 
Metropolitan  Seattle. 


2.3  Map  of  Bredglng  Transportation  Costs  (Pig.  B-6) 


This  asp  shows  the  astlaated  cost  to  transport  a  cubic  yard 
of  dredged  naterlal  the  following  distances :  2,  4,  and  6 

nautical  alias  (one  nautical  alls  equals  6076  feet).  The 
distance.  In  cost.  Is  shown  as  circular  arcs  froa  Everett, 
Dunaalah  River  Mouth,  and  Coaasnceaent  Bay. 


The  cost  for  dredging  a  cubic  yard  of  Material  «u  esti- 
eated  to  be  $1.80  from  COE  recorda.  The  coat  for  traaaportiag  a 
cubic  yard  over  a  dlatance  of  one  nautical  Mile  waa  date  rained  to 
be  $0.25;  thua,  the  coat  to  haul  a  cubic  yard  a  dlatance  of  10 
nautical  alien  equale  $2.50,  or  approx! ■■ Cel y  139X  of  the 
dredging  coat. 


2.6  Han  No.  5  (Fla.  B-7) 

Groundflah  Critical  Habltata,  Non-Groundfish  Critical 
Habitata,  Bald  Bagla  Meat  Si tea.  Subjecta  mpped  include:  (1) 
herring  spawning  arena;  (2)  herring  holding  arena;  (3)  emit 
a pawning  beachea;  (4)  groundflah  critical  habltata;  (5)  non- 
grouadflah  critical  habltata;  and  (6)  bald  eagle  neat  sites. 

The  first  five  item  ware  froa  WDF  Technical  Report  No.  79, 
and  locatlona  of  bald  eagle  nasta  ware  obtained  froa  the 
Washington  Departnent  of  Gam. 


2.7  thp  No.  6  (FI*.  B-8) 


Shellfish  Habltata,  Aquaculture  Sites.  Subjects  mpped 
include:  (1)  geoducks;  (2)  other  clam;  (3)  oysters;  (4) 
aussels;  (5)  shrlap;  (6)  crab;  (7)  shellfish  habitats;  and  (8) 
aquaculture  sites. 

Aquaculture  sites  ware  mpped  froa  data  supplied  by  DNR,  and 
all  other  data  were  taken  froa  Technical  Report  No.  79. 


2.8  Map  No.  7  (Fla.  B-9) 


fin  fish  Harvesting  Areas.  Subjecta  mpped  Include:  (1) 
sal non  coaaerclal;  (2)  sal  non  recreational;  and  (3)  non-salaonold . 

These  mps  were  adapted  froa  data  contained  in  Technical 
Report  Mb.  79. 


2.9  Hap  No.  8  (Fig.  B-10) 


Vegetated  Shallows/Ve tlanda .  Subjects  mpped  include:  (1) 
salt  aarshes;  (2)  sea  grass;  aad  (3)  kelp. 


These  mps  ware  adapted  froa  the  Coastal  Zone  Atlas  (1979) 


2.10  Map  No.  9  (Fig.  B-ll) 


Current  Mater  Stations,  Nat  Surface  Currents,  Nat  Near- 
Bottoa  Currents.  Subjects  sapped  Include:  (1)  current  aster 
stations;  (2)  net  surface  currents;  and  (3)  net  near-bottoa 
currents. 


2.11  Map  No.  10  Pin.  B-12) 


Bath yes try. 


The  original  naps  produced  for  PSDQA  were  done  at  a  one 
fathoa  contour  lnterral  Cone  fathon  equals  six  feet).  The  naps 
shown  In  Figure  11.2-11  have  been  redrawn  at  a  ten  fathon 
Interval  for  clarity.  The  DSWG  la  Its  selection  of  the  ZSFs  used 
the  finely  contoured  charts  (one  fathon  Interval). 

These  bathynstxy  charts  were  coapUed  by  the  U.S.  Navy  during 
the  1940's  using  data  collected  prior  to  World  War  II. 


2.12  thp  Mb.  11  (Fig.  B-13) 


Surface  Sedlnenta. 


These  naps  were  reproduced  froa  Roberta  (1979).  The  data 
were  collected  froa  the  Strait  of  Juan  de  Fuca  and  the  Puget 
Sound  region  and  depict  the  surface  sedlnenta  In  the  Phase  I  area. 
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Pipure  B-l  Geographic  features  of  Puget  Sound. 
( Source :  KHZ ) 
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EXHIBIT  C 


SUBMERSED  CULTURAL  RESOURCES .  ADDITIONAL  INVESTIGATIONS. 

1.  Submerged  Historic  Properties.  In  addition  to  the  work  cited 
in  Exhibit  B,  tha  PSDDA  agencies  undertook  studies  to  assure 
compliance  with  Section  100  of  the  National  Historic  Preservation 
Act  (NHPA) . 

2.  Legal  requirements  and  process  for  considering  submerged 
historic  properties.  Section  100  of  NHPA  requires  a  responsible 
Federal  agency  to  determine  what  properties  might  be  affected  by 
an  undertaking.  33  CFR  Part  330.1(c)(0)  in  particular  directs  the 
Corps  to  consider  submerged  historical  properties  at  disposal 
sites.  The  properties  should  first  be  investigated  to  determine 
whether  they  are  eligible  for  inclusion  in  the  National  Register 
of  Historic  Places.  If  there  are  eligible  properties,  then  the 
effect  the  undertaking  could  have  on  them  is  determined  and  the 
documented  conclusions  of  the  responsible  agency  are  sent  to  the 
SHPO  and  AC HP  for  their  concurrence.  If  the  project  has  a 
recognized  adverse  effect  on  an  eligible  property,  recovery  of 
historically  important  data  via  recording  (drawings  or 
photographs)  is  one  of  several  available  means  to  mitigate  the 
effect.  Frequently,  the  kind  of  mitigation  is  determined  in 
advance  through  a  Memorandum  of  Agreement  (MOA)  between  the 
responsible  Federal  agency  and  the  offices  of  the  State  Historic 
Preservation  Officer  (SHPO)  and  Advisory  Council  on  Historic 
Preservation  (ACHP) .  The  steps  the  PSDDA  agencies  are  following 
to  achieve  compliance  with  Section  100  of  NHPA  are  summarized 
below. 

3.  Procedures  followed. 

a.  Identification  and  Preliminary  Evaluation.  In  response  to 
comatents  received  from  the  SHPO  and  the  ACHP  relative  to 
requirements  of  Section  100  of  the  NHPA,  the  PSDDA  agencies 
undertook  further  literature  investigations  beyond  those  described 
in  Appendix  B,  and  high  resolution  sidescan  sonar  reconnaissance 
of  potential  submerged  historic  properties  in  the  PSDDA  Phase  I 
preferred  disposal  sites.  As  a  result  of  these  investigations, 
the  Port  Gardner  and  Commencement  Bay  sites  were  confirmed  to  lack 
historic  shipwrecks,  but  the  Elliott  Bay  site  has  five  features 
that  appear  in  the  sonar  records.  They  may  represent  shipwrecks. 
Of  the  five  features,  two  are  tentatively  identified  as  the  A. J . 
Fuller  and  the  Multnomah .  Both  were  built  near  the  end  of  the  age 
of  sail  and  sunk  in  the  early  20th  century. 

b.  Eligibility  and  Effect.  The  ship  presumed  to  be  the  Fuller 
has  been  determined  to  be  eligible  for  inclusion  on  the  National 
Register  of  Historic  Places,  and  the  Corps  is  preparing  required 
determinations  of  eligibility  and  effect  for  this  ship.  Another 
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sonar  feature  is  prasumsd  to  ba  the  Multnomah .  and  if  the 
tentative  identification  is  correct,  this  ship  would  also  be 
eligible.  This  feature  is  located  near  the  northern  edge  of  the 
disposal  zone.  However,  the  Fuller  is  at  a  distance  from  the 
disposal  zone  but  within  the  disposal  site.  Through  archival 
research,  the  other  3  features  have  not  been  related  to  any 
eligible  vessels.  Of  them,  one  is  in  the  disposal  zone. 

c.  Impact  analysis  of  future  disposal  activities  suggests  that 
properties  in  or  very  near  the  disposal  zone  could  have  direct 
impacts  from  falling  dredged  material,  while  those  outside  the 
disposal  zone  but  within  the  site  could  be  gradually  buried  by 
silty  sands  during  the  40  years  of  anticipated  site  usage.  The 
rate  of  burial  would  depend  on  the  distance  from  the  disposal 
zone.  The  exact  locations  of  the  features  are  recorded  in 
reports  generated  during  the  sonar  reconaissance ;  thus,  an 
opportunity  will  remain  for  interested  archaeological  or 
historical  groups  to  recover  the  structures  in  future  should  this 
be  desirable.  However,  physical  recovery  is  not  a  viable  option 
at  this  time,  based  on  information  received  in  discussions  with 
the  State  Historic  Preservation  Office  and  experts  in  underwater 
archaeology . 

d.  Memorandum  of  Agreement  (MO A) .  The  Corps  has  prepared  an 
MOA  which  will  be  signed  by  the  SHPO  and  the  ACHP  prior  to  the 
final  decision  to  allow  disposal  at  the  Elliott  Bay  site.  This 
MOA  presents  a  plan  of  action  for  further  investigations  and  for 
mitigating  impacts  to  shipwrecks  at  the  Elliott  Bay  site.  It 
states  that  through  archival  investigations ,  avoidance  and 
attempts  to  photodocument  any  historically  significant  vessels 
located  in  the  Elliott  Bay  disposal  site,  full  compliance  with 
Section  106  will  be  attained. 

e.  Archival  investigations  were  done  to  assure  identification 
of  shipwrecks  and  provide  information  relevant  to  the 
determinations  of  whether  a  ship  is  eligible  for  the  National 
Register  of  Historic  Places. 

f.  Avoidanee  of  direct  impacts.  PSDDA  evaluated  two  methods  of 
avoidance . 

(1)  The  zone  adjustment  option  would  entail  a  shift  of 
the  zone  37S'  to  the  south-southwest  to  provide  a  300-350' 
clearance  for  the  ship  thought  to  be  the  Multnomah.  This  would 
not  move  the  disposal  site  boundary,  because  the  bathymetry  of  the 
site  is  such  that  the  western  and  southern  boundaries  are  steep 
enough  to  act  as  a  containment  for  the  dredged  materials.  The 
other  boundaries  have  been  determined  using  a  margin  of  safety 
which,  is  still  more  than  adequate  to  contain  material  with  the 
new  zone  siting.  The  new  center  of  the  disposal  zone  would  be  at 
latitude  N  47*  35.07  minutes  and  longitude  W  122*  21.38  minutes. 

It  would  remain  a  circle  with  a  radius  of  900  feet. 
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(2)  The  disposal  restriction  option  would  condition 
dredger  use  of  the  northern  segment  of  the  disposal  zone  in  order 
to  provide  similar  clearance.  With  this  option,  neither  zone  nor 
site  boundaries  would  move,  but  a  40*  wedge-shaped  segment  on  the 
north  end  of  the  zone  would  be  closed  to  disposal  activities  so 
that  there  would  be  no  disposal  of  materials  near  the  tentatively- 
identified  Multnomah . 

The  PSDDA  agencies  consulted  with  the  SHPO,  the  Coast  Quard ,  the 
Washington  State  Department  of  Transportation,  the  Port  Angeles 
Pilots,  Washington  State  Department  of  Fisheries,  the  city  of 
Seattle  Department  of  Construction  and  Land  Use,  and  affected 
Tribes,  the  PSDDA  agencies  concluded  that  the  zone  adjustment 
option  would  slightly  decrease  resource  conflicts  in  addition  to 
avoiding  the  submerged  cultural  resources.  Zone  restriction 
would  require  additional  navigation  guidance  for  the  dredger. 
Neither  alternative  would  require  more  steps  in  the  process  of 
finalizing  the  Shoreline  Permit.  Potential  Indian  fishing 
conflicts  that  might  occur  under  either  option  will  be  avoided 
through  site  management  and  conditions  on  permits  which  are 
required  prior  to  disposal  of  dredged  materials. 

It  was  determined  that  it  was  not  possible  to  avoid  direct  impacts 
for  the  one  Monmr  feature  located  near  the  center  of  the  disposal 
zone.  It  is  a  presently  unidentifiable  feature  with  approximate 
disMnsions  of  8  by  35  feet.  Impacts  were  unavoidable  because 
moving  the  zone  farther  away  from  its  present  location  to  clear 
this  feature  would  cause  serious  conflicts  with  other  resources 
and  human  uses,  including  shrimp  resources  and  navigation 
concerns.  However,  this  feature  will  be  photographed  as 
described  below  to  identify  whether  it  is  a  historically 
significant  vessel;  and  if  so,  it  will  be  photodocumented . 

g.  Photodocumentation  will  be  used  to  identify  and  record 
vessels  on  the  site  and  to  mitigate  for  disposal  effects.  The 
SHPO  and  PSDDA  agencies  have  agreed  that  the  historically  valuable 
information  associated  with  the  shipwrecks  is  their  visible 
architectural  features.  The  concern  for  gradual  burial  of  the 
vessels  outside  the  disposal  zone  is  that  these  features  will  be 
obscured.  Accordingly,  an  attempt  will  be  made  to  examine  all 
five  objects  in  the  disposal  site  through  use  of  an  unmanned 
submersible  vehicle  with  a  video  camera.  Should  visibility 
permit,  they  will  be  photodocumented.  Ships  that  are  determined 
to  be  eligible  for  the  National  Register  will  be  presented  in  a 
written  report.  Upon  completion  of  the  determinations  of 
eligibility  and  effect,  this  will  constitute  full  mitigation  for 
any  adverse  effects  due  to  disposal  at  the  site.  Should  poor 
near-bottom  visibility  prevent  photodocumentation,  the  literature 
research  for  the  Fuller  and  the  determinations  of  eligibility  (and 
possibly  effect)  for  the  Multnomah  will  be  completed  without 
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further  efforts  to  photodocument  the  vessels. 

h.  Schedule  for  achieving  compliance  with  Section  100.  The  MO  A 
establishes  that  the  attempt  to  photodocument,  the  bibliographic 
search,  and  reporting  will  complete  the  requirements  of  Section 
100.  The  photodocumentation  cruise  will  proceed  the  filing  of  the 
Record  of  Decision  so  that  the  site  may  open  for  use  without 
awaiting  completion  of  reports  (i.e.,  the  determinations  of 
eligibility  and  effect)  to  be  completed.  Actual  site  opening 
depends  upon  a  city  of  Seattle  shoreline  permit  in  addition  to 
Corps,  Ecology  and  DVR  permits. 
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